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PREFACE  TO  THE  THIRD  EDITION. 


That  HygiDue  is  undcrgoiDg  rapid  development  aaai 
ncieittc  tlie  author  ha^  appreciated  more  tlian  once  in  this, 
tlic  second  revision  of  liirf  text-book.  Not  withstanding  < 
hia  care  to  keep  the  latter  us  concise  as  possihle,  and  in 
spite  of  the  fact  that  he  liaa  endeavored  to  pruno  carefully 
both  the  old  growth  and  the  uew,  it  has  increasetl  by 
more  that!  one-third  of  its  original  volume  since  its  first 
appearance  five  years  ago. 

Some  evidence  of  what  Practical  Hygiene  and  the  i 
employment  of  comparatively  recent  discoverioB  in  ital 
domain  are  doing  for  the  welfare  of  the  country 
affonled  in  the  introductory  chapters  by  the  data  whicbl 
were  derived  from  tiie  Reports  of  the  United  States  1 
Census  of  1900. 

It  certainly  is  no  mean  achievement  so  to  improve 
sanitary  conditions  within  a  single  decade  that  for  almost 
twenty-nine  millions  of  people,  or  more  than  one-third  of 
the  total  population,  the  death-rate  for  consumption  has 
been  lowered  34  per  cent.,  that  for  typhoid  fever  27  jmt 
cent.,  for  diphtheria  50  per  cent,,  and  for  miUaria  54 
per  cent. ;  and  that  tlie  re<Uiction  of  the  general  death-rate 
for  this  same  [wpulation  represents  a  saving  of  almost 
fifty-two  thousand  human  lives  and  the  prevention  of  an 
incalculable  amount  of  sickness  jkt  annum. 

Unquestionably  much  of  this  betterment  of  conditions 
has  been  due  to  wider  popniar  education  in  the  principles  j 
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of  hygiene  and  the  pr.ioticc  of  i^aniUtion,  and,  just  as 
uiiquestiiinably,  further  improvement  must  de(K;nd  iipiiii 
instruction  of  the  people  along  lines  even  bru:uler  and 
more  thorough  than  ever  before. 

The  author  acfMrdiiigly  reiterates  the  aim  aud  purpose 
of  the  volume,  as  expressed  in  the  first  edition,  and  con  - 
tiiiucs  to  hojie  that,  having  found  a  place  in  extending 
general  sanitary  education,  it  will  continue  to  merit  the  " 
same  kindly  reception  that  was  jriviii  to  tlie  preceding 
editions. 

Seneca  Ecibert. 

OCTOBEK,  190a 


iCE  TO  THE  FIRST  EDITION. 


Fob  a  number  of  yiairs  past  it  Las  seemed  to  the  author 
that  there  was  need  f<)r  a  manual  or  text^liook  which  would 
give  a  plain  statement  of  the  fundamental  principles  and 
facts  of  Hygiene  and  Sanitation,  tt^ther  with  such  ex- 
ptanatinns  and  details,  base*!  on  American  practice,  as 
would  serve  to  make  the  work  clear  and  readable. 

Of  all  the  medical  scienoes,  that  is  clearly  the  moat  im- 
portant which  prevents  disease  insteatl  of  curing  it,  and 
deals  with  communities  as  well  as  with  individuals.  The 
vital  interest  and  (»mparative  simplicity  of  this  seienee 
have  already  attracted  the  laity  in  great  numbers,  as  well 
as  the  medical  pmfession,  and  to  this  intelligent  interest 
are  largely  due  the  remarkable  advances  which  recent 
years  have  witnessed  in  methods  of  preserving  the  public 
health. 

The  desultory  and  often  unauthoritative  articles  in  the 
diiity  press  or  monthly  magazines  are  scarcely  fit  material 
for  satisfying  this  desire  for  knowledge,  nor,  on  the  ttther 
hand,  can  we  expect  any  extensive  study  of  the  larger 
volumes  on  the  subject.  Smaller  works  exist,  but  they 
are  either  diffuse  and  lacking  in  system,  or  they  detail 
methods  and  devices  adopted  abroad  and  out  of  harnionj 
with  conditions  here.  It  is  important  for  the  medical 
student,  at  least,  that  the  information  given  in  such  a 
.   t«xt4>ook  as  the  present  should  be  as  concise  and  system- 
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atic  as  possible,  and  that  it  sfaould  devote  sj^ecial  attention 
to  tiiusc  conditions  witli  which  he  19  practically  concerned. 

For  these  reasons,  and  because  1  have  as  yet  found 
nothing  which  exactly  comprises  my  idea,  I  Lave  ven- 
tured to  offer  this  volume  not  only  to  my  classes,  but  also 
to  all  who  are  deBlroUB  of  doing  what  they  can  to  better  the 
health  of  themselves  and  of  those  about  them.  The 
volume  deals  with  personal  as  well  as  public  healtli. 

In  the  preparation  of  the  work  the  principal  text-lKwks 
have  been  freely  consulted,  as  well  ae  such  recent  magazine 
and  other  articles  of  authority  as  were  pertinent.  Quota- 
tions have  been  credited  and  references  indicate<l,  in  order 
that  the  reader  may  know  where  to  seek  fur  further  details 
or  fuller  information  than  the  limitations  of  this  work 
will  permit.  Indeed,  I  should  do  wrong  were  I  to  give 
any  one  the  idea  that  this  volume  is  thoroughly  compre- 
hensive, or  even  a  compendium  of  the  whole  scojte  of 
hygiene  or  intended  to  be  so.  The  science  is  already  too 
great  and  too  important  to  be  treated  entirely  in  a  single 
volume,  and,  as  it  is  so  intimately  conceme<l  with  every 
one's  personal  welfare,  it  is  the  author's  earnest  hope  and 
desire  that  not  only  his  students,  but  others  as  well  may 
u%  this  as  an  adjunct  to  further  and  more  extensive  read- 
ing ;  and  that,  inasmuch  as  hygiene  is  destined  to  be  even 
more  imjwrtant  in  the  future  than  it  is  now,  all  should  make 
use  of  all  possible  sources  of  authoritative  information. 

Whatsoever  may  be  the  faults  or  short<iomings  of  the 
work,  the  labor  expended  upon  it  will  not  have  been 
altogether  in  vain  if  it  induces  any  one  to  take  greater 
interest  in  the  study  of  all  that  which  pertains  to  "  tlie 
L  preservation  and  promotion  of  healtli  and  the  prevention 
)oi  disease." 

The  illustrations  have  been  selected  with  special  ni'iT- 


PREFACE  TO  THE  FIRST  EDITION. 


ence  to  the  text,  and  those  of  special  devices  or  appa- 
ratus have  been  chosen  as  trustworthy  representatives  of 
their  respective  classes.  For  the  four  photo-micrographs 
of  bacteria  I  am  indebted  to  the  skill  and  courtesy  of 
Dr.  William  Gray,  of  Washington,  D.  C,  to  whom,  and 
to  all  my  other  friends  and  associates  who  have  aided  mc 
in  the  preparation  of  the  work,  I  have  many  thanks  to 
extend. 

Seneca  Egbert. 

May,  1898. 
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CHAPTER   I. 


I^TRODUc^ION. 

Hygiene  may  bo  defined  a»  the  nrt  and  sdence  that 
conaUlcrri  thu  pi-L'servation,  promotion,  and  improvement 
of  health  and  the  prevention  of  diecjise.  It  treats  of 
the  laws  of  health  in  the  hroade^t  sense,  and  under  the 
general  term  may  be  includt^  a  number  of  subdivistona. 
Thus,  while  Personal  and  Domestic  Hygiene  are  respec- 
tively more  closely  related  to  the  affairs  of  the  individual 
and  the  faouseiiold,  Sjinitary  Science  also  finds  larger  fields 
and  broader  application  in  the  domain  of  State  Medicine 
and  the  Hygiene  of  Mimicipalities. 

A  little  thought  will  show  that  under  the  general  head 
we  may  consider:  1.  The  preservation  and  promotion  -^f 
health.  2,  Practiad  disinfection  and  the  means  of  avoid- 
ing preventable  diseases.  3.  Adaptation  of  diet  to  the 
prevention  and  cure  of  perversions  of  nutrition.  Under 
one  or  another  of  these  themes  will  fall  the  discussion  of 
(  the  air  we  breathe,  the  wafer  we  drink,  the  food  we  eat, 
'  the  soils  and  surroundings  of  our  dwellings  and  communi- 
ties; and  at  the  same  time  the  study  of  the  means  of 
recognizing,  avoiding,  correcting,  or  removing  all  impuri- 
ties affecting  any  of  these.     In  addition,  there  must  be 
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the  study  of  climate  aiid  meteorology ;  of  clothing  and 
alif Iter ;  of  the  caro  of  the  sick,  not  only  for  their  own 
sake,  but  that  they  may  not  endanger  the  well ;  the 
dangers  of  the  abuse  of  stimulants,  narcotics,  etc. ;  the 
desirability  of  chaste  and  temperate  living,  exercise, 
rest,  etc. 

Parkes  says  that,  "taking  the  word  'hygiene'  in  its 
lai^est  sense,  it  siguifics  rules  for  the  perfect  culture  of 
mind  and  body.  It  is  iiu|)ussible  to  dissociate  tlie  two. 
The  Ixidy  is  affected  by  every  mental  or  moral  action ; 
the  mind  is  profoundly  iuHueDced  by  bodily  conditions. 
[So  is  the  moral  conduct  of  individuals  or  communities.] 
For  a  perfect  system  of  hygiene  we  must  train  the  body, 
the  intellect,  aud  the  moral  faculties  in  a  perfet;t  and  bal- 
anced order."  Again,  he  says :  "  Looking  only  to  the 
part  of  hygiene  which  concerns  the  physician,  a  perfect 
system  of  rules  of  health  would  be  best  arranged  in  an 
orderly  series  of  this  kind.  The  rules  would  commence 
with  the  regulation  of  the  mother's  health  while  bearing 
her  child,  so  that  the  gniwth  of  the  new  being  would  be 
as  perfect  as  possible.  Then,  after  birlh,  the  rules  (dif- 
ferent for  each  sex  at  certain  times)  would  embrace  three 
epochs:  of  g^o^vth  (including  infancy  and  youth);  of 
maturity,  when  for  many  years  the  body  remains  appar- 
entlj-  stittionary  ;  of  decay,  when,  without  actual  disease, 
though  doubtless  in  consequence  of  some  chemical  changes, 
molecular  feebleness  (commences  in  some  part  or  other, 
forenmning  general  decay  and  death.  In  these  several 
epochs  of  his  life  the  human  being  would  have  to  be  eon- 
Icred:  Fir4,  in  relation  to  the  natural  conditions  which 
(Surround  him,  and  which  are  essential  for  life,  such  as  the 
It  he  breathes,  the  water  he  drinks,  etc. ;  in  fact,  in  rela- 
on  to  nature  at  lai^.    Second,  in  his  social  and  corporate 
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relations,  as  a  member  of  a  community  with  oerlain  cua* 
toins,  trades,  etc.  j  subjected  to  social  aud  ixditicol  influ- 
ences, sexual  relations,  etc.  Third,  In  his  capacity  as  an 
iiidepeudent  being,  having  within  himself  sources  of 
action,  in  thonghte,  feelings,  desires,  personal  habits,  all 
of  which  aflect  health,  and  which  rwjuire  self-rcgnlation 
and  control.  Even  now,  incomplete  as  hygiene  is,  such 
a  work  would,  ii"  followed,  almost  change  the  face  of  the 
world." 

The  student  will  readily  see  that  the  scope  of  the 
science  is  so  vast  that  in  a  limited  work  like  the  present 
one  it  would  be  impossible  to  go  over  the  entire  ground 
completely  and  thoroughly.  The  most  that  may  be 
attempted  will  be  to  discut^  its  fundamentid  laws  as  we 
now  undcrstiiod  them,  especially  those  that  are  most 
closely  connected  with  the  conscientious  physician's  duties 
and  practice,  and  to  show  the  reasons  for  and  the  advan- 
tages resulting  from  the  pursuit  of  hygienic  measures  and 
sanitary  methods  based  on  those  laws  and  our  experi- 
ence. Hygiene  is,  however,  a  science  in  the  study  of 
which  common-sense  must  be  freely  used ;  and  if  the 
student  will  only  bring  this  to  his  aid  and  add  to  it 
sincere  attention,  he  will  speedily  find  that  there  is  little 
that  is  difficult,  beyond  Ins  grasp,  or  less  than  really  fas- 
cinating. 

It  has  always  been,  as  it  sdways  will  be,  an  art  to  pre- 
serve health  and  to  ward  off  disease.  Hippocrates  was 
among  the  first  to  define  principles  of  public  health  or 
sanitation.  He  summed  up  the  knowledge  of  his  day 
concerning  hygiene  under  six  headings,  viz. :  Air,  Ali- 
ment, Exercise  and  Rest,  Sleep  and  Wakefulnc^'^,  Reple- 
tion and  Evacuation,  and  the  Passions  and  Affections  of 
the  Mind;  and  he  even  pointed  out  that  there  must  be 
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an  exact  balance  between  food  and  exercise,  and  that 
"  disease  would  result  from  excess  in  either  directioD." ' 

The  exoellenoe  of  the  Mosaic  code  is  acknowledged  by 
all  sanitary  authorities,  and  the  effects  of  its  obser\'ance 
are  seen  to  tins  day  in  the  comparative  longevity  of  the 
Hebrew  race.  The  Greeks  cultivated  to  the  extreme  both 
the  physical  and  mental  faculties,  and  bad  for  their  niolto, 
A  sound  mind  in  a  sound  body.  The  Romans,  in  their 
aqueducts  for  conveying  water  to  the  city  anil  in  the 
Cloaca  Maxima,  have  left  ejcamplea  of  sanitary  engineer- 
ing which  are,  in  certain  respects,  not  yet  surpassed. 
All  of  which  8er\'es  to  show  that  the  ancients  appre- 
ciated the  importance  of  maintaining  and  improving 
health,  and  the  influence  of  material  conditions  and 
environment  upon  sanitation. 

The  development  of  hygiene  as  a  science,  however,  has 
been  within  comparatively  recent  years.  Perhaps  the 
first  great  impulse  among  English-speaking  peoples,  espe- 
cially in  matters  {lertaining  to  sanitation  or  "  State  Medi- 
cine," can  be  traced  to  the  labors  of  Dr.  William  Farr, 
and  to  the  establishment,  through  his  efforts,  of  the 
British  Registrar-General's  Office  in  1838.'  Since  then 
the  task  of  determining  the  principles  and  laws  of  health 
has  been  carried  on  with  unflagging  zeal  by  workers  both 
here  and  abroad,  and  within  the  last  score  of  years  or 

'  TrPtttise  on  Aira.  Waters,  and  Places.  (About  <00  B.  C.) 
'  Note  should  be  made,  however,  or  the  writings  of  .lohRnaes  Petrua 
Fnuk,  in  the  first  ciaartar  of  tho  ninotceuth  reiitary  and  even  earlier, 
and  of  Parent  DuChalelet,  between  1820  and  1^38.  Of  the  work  of  the 
former,  It  has  been  said  that  "  It  was  the  first  orderly  preaentatioD  at 
that  which  had  hitherto  been  known  npon  these  sabjects,  and  was  the 
■ort  to  rescue  from  ehiwis  au.'h  useful  information  as 
might  he  of  service  in  the  organization  of  a  department  of  Hanitary 
mperTisnni,  or,  as  the  author  preferred  to  call  thein,  medical  police." 
A.  G  Abbott,  University  Medical  Magazine,  July,  1900. 
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less  the  knowledge  gaiued  in  the  new  study  of  the  bac- 
teria, especially  that  regarding  the  musation  and  nature 
of  infectious  diseases,  has  furnished  us  with  a  wealth  of 
facts  with  and  by  which  we  may  muke  the  foundations  of 
our  science  more  secure  and  lasting. 

It  would  be  wrong,  nevertheless,  to  give  the  inipressioii 
that  hygiene  is  as  yet  an  exact  science.  Wliile  it  iB 
rapidly  attracting  popular  notice  and  attention,  and  has 
attained  within  comparatively  recent  yeai-s  a  dignity  that 
it  did  not  hitherto  have  in  this  new  world,  it  is  on  a 
Bomewhut  firmer  basis  in  the  older.  The  brightest  minds 
of  the  day  are  busy  with  many  of  its  problems,  and 
facts  and  laws  are  being  made  clear  that  mure  firmly  fix 
or  may  altogether  change  some  of  our  beliefs  and  our 
practice.  Esiwcially  is  such  new  knowledge  to  be  sought  ' 
for  in  the  study  of  the  prevention  of  disease,  the  doi 
of  bacteriology,  the  parasitic  diseases,  and  the  chemistry  I 
of  the  animal  alkaloids  and  kindred  compounds. 

Perhaps  a  few  statistics  will  help  one  to  realize  that  the  i 
study  is  not  in  vain,  and  that  the  promise  of  the  future  ia  1 
even  more  brilliant  than  the  results  and  achievements  of 
the  past.  Three  centuries  ago  the  death-rate  of  London 
was  more  than  80  per  1000;  now  it  is  about  20  per 
1000.  It  is  computed  that  in  the  eighteenth  century — 
the  one  preceding  the  introduction  of  vaccination — fifty 
millions  of  people  died  in  Europe  of  smallpox  alone ; 
now  it  is  practically  almost  an  extinct  disease  where  vac- 
cination is  compulsory,  as  in  Germany.  In  1872  Sir 
John  Simon  estimated  "  that  the  deaths  which  occur  in 
England  are  fully  a  third  more  numerous  than  they 
would  be  if  our  existing  knowledge  of  the  chief  causes 
of  disease  were  reasonably  well  applied  throughoul 
country,  and  that  of  deaths  which  in  this  sense  ma 
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called  preventable  the  average  yearly  number  in  Eng- 
land and  Wales  ia  about  120,000."  In  confirmation 
of  the  accuracy  of  this  Btatenient,  official  reports  show 
that  the  annual  death-rate  of  England  and  Wales,  which 
averaged  22.6  per  1000  for  the  decade  from  18C2  to  1871 
inclnsive,  fell  to  18.9  for  1881,  thin  giving  a  saving  of 
92,000  lives  annually  ;  while  for  1889,  even  with  the  cor- 
rection for  the  lowered  birth-rate,  it  was  only  17,9,  indi- 
cating a  yearly  saving  of  at  Uast  125,000  lives,  and 
completely  substantiating  the  above  estimate  of  Simon. 
Moreover,  the  death-rate  from  the  seven  principal  zymotic 
(infectious)  diseases  had  dropped  from  an  average  of  4,11 
for  the  period  from  1861  lo  1870  to  2.40  for  1881-1885, 
and  that  from  typhoid  fi;ver  from  0.39  per  1000  in  1869 
to  0.137  in  1892.  This  for  England  and  Wales.  In 
Munich  fn>m  1866  to  1881  the  average  yearly  hospital 
admissions  of  typhoid  fever  cases  were  594,  or  3.32  per 
1000  of  population,  and  the  average  deaths  from  this  dis- 
ease were  208,  or  1.15  per  1000.  From  1881  to  1888, 
'  following  the  introduction  of  improved  systems  of  sewer- 
age and  a  Ix^tter  water-supply,  the  average  hospital  ad- 
missious  (typhoid)  were  104,  or  0.42  per  1000,  and  the 
average  deaths  were  40,  or  0.16  per  1000  of  pojmlation. 

In  this  couutry  a   like   improvement  is  to  be  noted, 
tboHgh  it  is  only  within  the  la.st  few  decades  that  much 
attention  has  been  given  to  sanitary  affairs.     The  death- 
rate  of  most  of  our  cities  is  being  progressively  hiwcred, 
though  tlie  populations  are  constantly  increased  by  large 
V       numbers   of   ignorant   and   uncleanly  immigrants.     Ini- 
K     proved   sanitary   laws   are   being  enacted  anti   enforced, 
H    streets  better  paved  and  eared   for,  houses   more  wisely 
^^  constructed  and  ventilated,  more  attention  given  to  iso- 
^^  lating  the  sick  and  protecting  the  well,  and  the  people 


RECENT  VITAL  STATISTICS. 


2A 


in  general  are  awakening  to  tlie  importance  of  improv- 
ing as  well  as  maintaining  the  public  health.  N'ew  York  ' 
City  has  reduced  her  death-rate  per  thousand  within 
the  last  cenaus  decade  (1890  to  1900)  from  25.4  to 
20.4;  Chicago,  from  19.1  to  16.2;  Boston,  from  23.4 
to  20.1,  etc.' 

According  to  the  latest  United  States  Census  Report* 
in  New  York  City  (Manhattan  Borough)  there  were 
actually  4780  fewer  deaths  in  1900  tlian  in  1891  j  in  Cin- 
cinnati, 1200  less;  in  Bnfiklo  1000,  and  iu  Allwny  600 
lesa  iu  the  later  than  in  the  earlier  year,  witli  similar 
encouraging  reports  from  many  other  cities,  whose  authori- 
ties attribute  the  good  results  as  being  due  to  advance  iu 
medical  and  siii^ical  knowledge  along  the  lines  of  pre* 
ventive  medicine,  improved  sanitary  surroundings,  im- 
proved water-supplies,  cleaner  streets,  inspection  of  milk- 
and  food-supplies,  isolation  and  modem  treatment  of 
infectious  diseases,  additional  public  parks,  etc. 

The  same  census  report  tells  u^  that  In  the  so-called 
"  registration-aroa,"  which  embraces  86.7  per  cent,  of  the 
total  urban  population  of  tlie  United  States  living  in 
cities  of  8000  population  or  more,  and  14  per  cent,  of  the 
total  rural  [wpuhiliou,  and  iu  which  the  statistics  are  fairly 
reliable  and  the  death-rates  comparable, — that  in  this  area 
the  death-rate  from  diphtlieria  has  fallen  from  70.1  ])er 
100,000  of  population  in  1890  to  33.4  in  1900;  from  scar- 
let fever,  from  13.6  to  11.6;  from  malarial  fever,  from 
22.1  to  14.9  ;  fn.m  typhoid  fever,  from  46.3  to  33.8  ;  and 
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from  TOnsiimption,  from  245.4  to  187.3  per  100,000 
population.  For  the  regialration-area,  the  general  death- 
rate  has  tallen  from  19.6  per  1000  in  1890  to  17.8  per 
1000  in  1900,  and  this  reduction,  if  applicable  to  the 
whole  country,  would  represent  a  saving  of  over  136,000 
lives  annually.  It  does  actually  represent  an  annual 
saving  in  the  registration-area,  whose  ^wpidation  in  1900 
was  28,807,269,  of  more  than  61,800  lives.  Who  then 
sliall  say  that  the  study  and  pnicticc  of  hygiene  and  sani- 
tation,— of  preventive  medicine  is  of  no  practical  value? 
Nevertheless,  there  is  still  much  to  he  done.  Tuber- 
culosis, wliich  is  said  to  cause  from  one-seventh  to  one- 
fourth  of  all  the  deaths  in  the  civilized  world,  is  practi- 
cally a  preventable  disease,  and  we  now  not  only  know  its 
cause,  but  also  have  efficient  means  for  cure  in  a  large 
proportion  of  cases,  as  well  as  for  its  general  prevention. 
So  with  a  number  of  the  other  infectious  diseases.  Almost 
every  day  marks  an  increase  in  our  knowledge  of  their 
etiology  and  the  securing  of  immunity  from  them  ;  and 
not  only  must  physicians  make  use  of  this  knowledge 
as  they  acquire  it,  and  employ  their  utmost  endeavors  to 
secure  the  enactment  and  enforcement  of  .sanitary  laws  and 
regulations,  hut  they  must  also  realize  that  a  lai^  part  of 
tlieir  work  lies  in  the  enlightenment  and  ctlucation  of  the 
people  in  all  matters  pertaining  to  the  public  hcidth.' 

'  It  is  euconraKing  to  find  that,  altboagh  almost  II  pet  cunt,  of  the 

whole  number  of  deslhs  recorded  in   PhiladGlphin  in  1900  were  ranaed 

\iy  <M)nBumptlon,  a  progressive  and  marked  lowermE  of  the  death-rate 

from  tills  disease  in  that  city  is  taklnK  place,  and  that.  nolwithBtanding 

an  increase  in  popalalioii  of  over  36.3  per  cent,,  the  fatalities  from  this 

diseaae  arc  cot  much  gr«>t«r  la  nambei  than  thef  were  sixteen  oraeven- 

t«ei(  years  ago.    For  eiample,  the  deatha  ftota  palmonary  tubercnloiia 

S86  niinibered  2831,  and  lii  1886  were  3834.  rates  raspeetively  of  3.97 

S.93  per  1000  livine;  while  in  IROO  there  were  only  3000  deaths,  or  a 

of  3.31  per  1000  living. 


CONTINUOUS  PROPHYLAXIS  NECESSARY. 

The  plague  that  was  the  bane  of  Europe  centuries  ago,  , 
and  that  has  been  a  scourge  to  Asia  since,  still  threatens  ua  | 
at  our  western  gat«s,  and  is  rife  in  some  of  our  newly  ao-   ' 
quiretl  colonial  ptissessions.     The  iufectivity  of  pneumonia 
is  not  appreciated  by  the  laily  nor  by  many  physicians.    In 
Chicago,  in  the  first  five  months  of  1903,  there  were  more   t 
than  twice  as  many  deaths  from  this  diseaHe  than  from   i 
consumption,  and  more  than  133  per  cent,  more  than  from 
ail  other  communicable,  contagious,  or  infectious  diseases. 
We  must  not  forget  that  this  disease,  whicli  can  be  so 
pestilent,  is  "  more  or  less  limit«l  to  centres,  corresponding 
in  the  main  to  the  most  densely  populated  areas,  with  their 
allied  conditions  of  squalor  and  |wverty,"'  and  that  it  is 
our  duty,  and  for  our  own  safety,  to  improve  the  sanitary 
conditions  and  environments  of  such  areas  and  centres. 
With  our  present  knowledge  of  the  value  of  vaccination, 
tiiere  have  lieen  far  too  many  epidemics  of  smallpox  in 
the  past  few  years.     Carelesanes-s  in  the  application  of 
protective  measures  has  cost  many  lives  and  much  money. 
There  can  be  no  safe  cessation  in  prophylactic  efforts.    So  J 
also,  each  and  every  one  of  the   communicable  maladies  1 
must  be  continually  investigated  and  studied,  aud  all  posi- 
tive information  gained  concerning  them  must  in  turn  be 
imparted  to  the  people  who  need  protection  against  tlicm. 

In  the  preparation  for  a  study  like  the  one  on  which  we 
are  almnt  to  enter  there  is  some  question  as  to  just  what 
may  l>e  the  most  advantageous  order  and  arrangement  of 
the  subjects  to  be  treated.  For  instance,  It  would  \w  in- 
teresting to  discuss  our  science  in  its  relation,  in  turn,  to 
the  individual,  the  household,  and  the  people  in  general 
— ^that  is,  personal,  domestic,  and  public  hygiene;  and 
to  ahow  wherein  the  treatment  of  these  sulxlivis' 
'  Anddre,  Jonroal  of  Ami-rican  Mudics!  AssociatiDO,  Hay  9, 1 
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flimilar  and  wherein  tliey  differ.  Such  a  threefold  ooq- 
sideration  would  be  not  only  logical,  but  extremely  in- 
structive as  well. 

However,  since  the  bacteria  have  been  shuwn  to  have 
so  ImjiortaDt  a  part  in  many  of  the  processes  intimately 
connected  with  health  and  disease,  it  will  doubtless  be 
advisable  to  devot«  the  next  chapter  to  a  brief  review  of 
the  science  of  bacteriology.  This  done,  it  seems  to  the 
writer  that  we  shall,  as  l>egiuners,  obtain  a  more  compre- 
hensive and  thorough  view  of  our  subject  if  we  pursue  a 
method  somewhat  as  follows :  First,  to  discuss  air,  water, 
and  food — three  things  essential  to  life — in  the  varying 
conditions  and  circumstances  under  which  they  may  affect 
the  physical  welfare,  either  for  good  or  bad,  of  the  individ- 
ual or  of  the  community.  Then  to  take  up,  in  such  order 
as  may  seem  best,  the  other  themes,  such  as  climatology, 
habitations,  disinfectiiin  and  quarantine,  disposal  of  sew- 
age, clothing,  exorcise,  school  hygiene,  etc.,  whose  consid- 
eration, on  account  of  their  influence  in  the  preservation 
of  health  and  prevention  of  disea^ic,  is  only  a  degree  less 
important  than  the  foregoing.  In  this  way,  while  the 
whole  ground  may  not  be  covere<l,  the  importance  of  the 
various  subdivisions  may  be  estimattxl  in  their  relation- 
ship to  one  another,  and  we  shall  be  the  letter  jtrepared 
to  pursue  the  study  as  opportunity  may  offer. 

It  is  doubtless  in  place  just  here  to  review  briefly  the 
reasons  why  it  is  the  special  duty  of  the  physician  to  be 
able  to  recognize  and  correct  insanitary  conditions  wbere- 
ever  they  may  be  found,  and  why  he  should  make  par- 
ticular and  constant  study  of  the  science  in  all  its  branches 
and  developments. 

Every  true  physician  soon  finds  that  the  respect  and 
affection  of  his  patients  and  associates  are  worth  far  more 
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than  mere  mercenary  gain,  and  tlint  iiis  highest  aim  should 
be  to  prevent  disease  rather  than  simply  to  cure  it ;  and, 
though  this  may  seem  to  militjite  against  his  personal  in- 
terests, he  is  unworthy  the  name  of  physician  if  hia  object 
and  purpose  be  solely  or  primarily  to  make  money.  How- 
ever, the  observer  quickly  learns  that  in  a  community 
kept  in  good  health  and  sanitary  condition  tliere  will 
always  be  more  or  less  need  of  a  doctor's  services  in 
spite  of  every  efibrt  to  prevent  sickness,  and  that  such  a 
community  will  pay  more  promptly  and  more  liberally 
for  such  services  than  one  in  which  sanitary  precau- 
tions are  neglected.  Health  means  ability  tu  work  and 
to  earn  good  wages;  and  a  healthy  community  means 
more  business,  more  money,  and  more  comforts,  More- 
•,  as  a  rule,  good  wages  insure  prompt  and  willing 
payment  of  the  doctor's  bills  as  well  as  of  others.  We 
may  note  here  the  close  relations  existing  between  sanitary 
science  and  social  and  political  economy — a  relationship 
which  is  very  intimate,  as  we  shall  see  from  time  to  time 
in  our  work,  for  as  the  physical  condition  of  a  people  ig 
bettered,  it  becomes  more  possible  and  more  certain  that 
they  will  likewise  improve  both  mentally  and  morally. 

Again,  though  the  science  of  hygiene  and  sanitation  is 
comparatively  a  new  one,  public  attention  is  being  strongly 
directed  toward  it,  not  only  because  it  vitally  interests 
every  one,  but  becanse  new  discoveries  and  new  appli- 
cations of  the  laws  pertaining  to  it  are  being  constantly 
made,  which  are,  in  turn,  swiftly  given  to  the  world  by 
both  the  scientitic  and  the  popnlnr  press.  This  creates  a 
demand  for  first-class  teachers,  which  demand  is  bound 

I  increase  in  the  near  future  and  promises  materially 
to  exceed  the  supply.     In  fact,  within  a  very  ft 
not  only  the  medical,  but  also  the  academic  and  scientifio 


I 


INTRODUCTION. 


colleges  of  the  country  will  be  compelled  by  public  opii 
ion  to  establish  in  their  faculties  well-equipped  and  lib^t- 
ally  endowed  chairs  uf  hygiene  and  sanitary  science,  and 
it  will  be  from  the  ranks  of  the  educated  physicians  of  the 
country  that  these  teachers  must  naturally  come.  It  will 
not  l)e  long  before  the  people  iu  general  realize  that  it  is 
fully  as  important  that  the  college  student  or  graduate  be 
iristruct^-d  how  to  do  his  part  in  taking  care  of  the  health 
of  himself,  his  future  family,  and  the  community  in  which 
he  is  to  reside,  as  that  he  shall  be  well  taught  in  the 
abstract  principles  of  theology  or  the  classics  of  dead 
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So,  also,  considerably  more  time  and  attention  than  are 
now  accorded  to  it  should  l)c  given  to  hygiene  in  the  work 
of  the  various  normal  schools  for  teachers.  The  graduates 
of  the«e  schools  will  have  much  of  the  physical  as  well  as 
the  mental  welfare  of  thousands  of  young  and  growing 
children  in  their  keeping,  and  it  is  unquestionably  their 
duty  to  jtrevent  or  obviate  the  ills  of  school-life  as  far 
as  lies  in  their  power,  and  to  give  instniction  in  and  to 
inculcate  habits  of  living  which  will  continually  tend  to 
preserve  and  improve  the  physical  health  of  those  under 
their  care. 

Lastly,  the  time  has  come  when  a  physician  must  neces- 
sarily have  a  knowledge  of  hygiene,  preventive  medicine, 
and  sanitary  science.  Many  States  require  as  thorough 
examinations  in  this  as  in  any  other  branch  of  medicine 
before  granting  the  right  to  practise  within  their  lioun- 
daries.  So  do  the  army,  navy,  and  marine-hospital  ser- 
vices of  the  government.  Moreover,  the  people  generally, 
as  has  been  intimated,  are  awakening  to  an  interest  in 
sanitary  matters  and  the  prevention  of  disease,  and  ex- 
pect their  physicians  to  be  well  versed  on  all  pertaining 
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subjects ;  if  tliey  find  one  lacking  in  knowledge  or  interest 
in  this  respect,  they  are  apt  to  think,  rightly  or  n-magly, 
that  he  will  also  be  deficient  in  the  other  branches  of 
m»?dioine. 

Happily  these  causes  all  combine  to  place  preventive 
on  the  same  high  plane  with  curative  medicine,  and  the 
tine  is  fast  passing  in  which  the  chair  of  hygiene  fails 
to  have  a  primary  place  in  any  tliurutigh  medical  school. 
May  the  day  soon  come  when  it  shall  have  at  least  equal 
importance  in  the  curriculum  of  all  academic  and  nurmal 
collies  and  schools ! 

It  is  evident  that  the  successful  physician  and  practical 
student  of  hygiene  must  have  a  thorough  knowledge  of 
three  things :  1.  Health  and  its  laws ;  how  to  obtain  and 
preserve  it.  This,  of  course,  implies  a  knowledge  of  the 
human  body  and  its  functions,  viz.,  of  anatomy,  physi- 
ology, and  pliysiological  chemistry.  2.  He  must  study 
disease  and  its  causes  and  nature.  He  must  also  under- 
stand the  distinction  between  diseases  due  to  causes  exter- 
nal and  those  due  to  causes  internal  to  the  bo<ly  ;  and  that 
while  some  of  these  causes  may  be  prevented  or  modified, 
others,  with  our  present  knowledge,  may  not  be  so  readily 
overcome.  3.  He  must  be  conversant  with  and  know  how 
to  use  the  therapeutic  agents,  both  preventive  and  cura- 
tive, that  he  has  at  his  disposal,  including  not  only  drugs, 
but  also  all  substances  and  forces  that  be  can  make  effica- 
cious to  his  purpose.  The  workman  must  know  his  tools 
to  be  able  to  use  them  intelligently. 

Health  is  "  that  condition  of  the  body  and  its  oi^ns 
necessary  to  the  proper  performance  of  their  normal 
functions  " ;  and  disease  may  be  defined  as  "  a  condition 
of  the  body  marked  by  inharmonious  action  of  one  or 
more  of  the  various  tissues  or  organs,  owing  to  abnormal 
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condition  or  structural  cbange."  It  is,  accordingly,  well 
to  consider  Itriefly  the  nature  and  cansfs  of  disease,  that 
we  may  the  better  understand  the  influence  upon  ibi  pre- 
vention or  production  of  all  those  varying  factors,  phases, 
and  couditiuns  of  our  environment  which  we  liope  to 
study  in  our  work. 

Disease  is  an  entity,  not  a  spiritual  thing ;  a  condition, 
not  a  theory.  Conse(jueutly  it  is  to  be  fought  and,  if  pos- 
sible, conquered  witli  matter,  force,  and  physical  means, 
though  not  necessarily  with  violence.  In  fact,  when  once 
we  understand  the  minuteness  and  delicate  structure  of 
the  ultimate  cells  and  tissues  affected,  we  realize  that 
ofWatimes  the  gentlest  application  of  the  forces  and  means 
employed  may  be  the  most  helpful  and  efficient.  But 
when  one  has  seen  the  ravages  caused  by  it  as  revealed 
in  the  patliological  laboratory  and  at  antopsics,  not  to 
speak  of  its  manifestations  in  the  living  as  seen  in  the 
sick-room  and  in  hospitals,  I  am  sure  tliat  he  cannot 
logically,  even  for  a  moment,  give  credence  to  those  who 
proclaim  that  it  can  be  dissipated  by  the  mere  action 
of  mind  or  of  faith ;  nor  to  those  others  who  declare  that 
by  subdividing  and  diluting  and  subdividing  again  infini- 
tesimally  a  single  grain  of  substance,  whether  primarily 
powerfid  or  inert,  you  endow  it  with  a  miraculons  power 
to  remove  the  "  ills  that  flesh  is  heir  to."  Vinihow  gave 
a  priceless  boon  to  modem  medicine  in  his  theory  of 
cellular  pathology  and  in  showing  its  superiorily  to  the 
old  humoral  theories  and  a  priori  reasoning.  He  wrote 
"  whatever  outside  of  a  cell  acts  upon  It  (abnormally) 
works  a  mechanical  or  chemical  cliange  within  it,  which 
eliangp  ^t•  disorder  or  disease."  The  sooner  we  realize 
'hat  the  laws  of  physics  and  chemistry  govern  cell  life 
action  and,  consc(iucntIy,  the  functions  and  organs  of 
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the  body,  the  more  accurate  will  be  the  treatment  and 
the  mure  certain  the  prevention  of  <li:iease. 

For  convenience'  sake,  diseases  may  be  divided  into  two 
main  classes,  somewhat  different  in  their  origin,  nature, 
and  character,  although  the  line  between  the  two  is  not 
always  clearly  marked.  Diseases  of  the  first  class  arise 
leit/tm  the  body,  and  may  be  called  mdogend'tc.  They 
are  usually  due  to  some  alteration  or  disturbance  of  nu- 
trition anil  assimilation,  such  as  irregular  absorption  of 
products  of  digestion,  or  of  function,  such  as  that  of  elimi- 
nation, to  either  of  which,  as  well  as  to  other  similar 
causes,  various  auto-intoxications  may  be  due.  The  sec- 
ond class  comprises  those  which  are  due  to  causes  from 
without,  favored,  it  may  be,  by  either  internal  or  external 
predisposing  conditions,  but  each  malady  of  necessity 
depending  upon  the  reception  or  in<K:ulation  of  the  spe- 
cial cause,  which  cause  has  the  power  of  reproduction  and 
development,  of  vitality  and  virulence.  Such  diseases 
are  called  contagious,  in/ectious,  gpecAjic,  inocutabte,  or 
tt/molic. 

A  third  class  or  a  subdivision  might  also  be  indicated, 
which  would  include  those  disturbances  which  are  almost 
purely  psychical  and  whose  symptoms  are  lai^ly  notional 
and  the  result  of  perverted  imagination  or  coordination. 
But  it  is  a  question  whether  the  primary  cause  of  almost 
all  such  disorders  is  not  an  altered  and  abnormal  nutri- 
tion or  functioning  of  the  general  nervous  economy  of 
the  body,  and  the  symptoms  simply  reflex  manifestations 
of  irritative  disturbances  of  distant  organs. 

In  the  first  class,  with  our  present  knowledge,  we 
may  place  such  maladies  as  rheumatism,  gout,  diabetes, 
neurasthenia,  etc.;  while  into  the  second  will  obviously 
&U  all  that  are  now  known  to  be  due  to  living  "  germs  " 
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or  urg-anisms,  such  as  cholera,  typlioid  fever,  malada,  eta. 
However,  we  must  not  overlook  the  impulses  often  given 
to  the  causation  of  certain  members  of  the  second  class 
hy  faulty  conditions  of  nutrition  or  assimilation,  as  is 
especially  exemplified  in  many  cases  of  tuberculosis. 
The  eliaracter  of  the  stiil  may  influence  tlic  growth  and 
product  of  a  plant  almost  as  mucli  as  the  species  itself, 
and  so  the  diflereace  in  constitution  and  tissue  of  individ- 
uals may  materially  determine  the  variation  in  symptoms 
and  virulence  so  often  manifested  by  an  infectious  malady. 

Prophylaxis  is  "  the  use  of  hygienic  or  other  precau- 
tions conducive  to  the  prevention  of  disease  " ;  or  it  may 
be  defined  as  "a  series  of  methods  or  prcicedures  whereby 
disease  is  restricted  and  prevented  by  suppressing  or  re- 
moving its  predisposing  conditions,  and  destroying  or 
modifying  the  exciting  causes."  Its  first  function  of  sup- 
pressing or  removing  predisposing  conditions  is  accom- 
plished by  sanitation;  the  second,  that  of  destroying  or 
modifying  exciting  causes,  is  carried  out  by  dmnfection. 
The  term  "  predisposing  conditions "  should  l>e  used  in- 
stead of  "  predisposing  causes,"  because  these  conditions 
cannot  in  themselves  originate  a  disease,  though  they  may 
make  the  system  more  susceptible  to  the  exciting  caus^ 
of  a  disease.  For  example,  the  predisposing  factors  of 
tuberculosis — "privation,  depression,  and  excess" — are 
conditions,  and  though  they  often  prepjire  the  tissues  for 
the  development  of  the  malady,  it  can  only  occur  after 
infection  by  the  exciting  cause,  viz.,  the  specific  tubercle 
bacillus. 

As  we  have,  as  yet,  little  definite  knowledge  of  the 
exact  nature  of  the  exciting  causes  of  autogcnetic  diseases, 
they  being  devclojMxl  and  elaborated  within   the  body, 

id  as  disinfection,  or  the  destruction  and  mo<lifieatioQ 
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of  exciting  causes,  is  an  important  feature  of  prophylaxis, 
■  at  present  naturally  look  for  more  imnitKliatc  and 
satisfactory  results  in  the  application  of  prophylaxis  to 
the  second  cias&  of  diseases ;  but  this  dues  not  prevent  or 
restrict  the  einploymcDt  of  certain  prophylactic  measures 
in  regard  to  the  first  class,  such  as  tlie  selection  of  proper 
diet,  clothing,  climate,  etc,  and  the  removal  or  countcr- 
acting  of  all  causes  favoring  malnutrition  or  imperfect 
and  impniper  functional  activity.  We  may  therefore 
say  lliat  sanitation  is  the  defensive,  disinfection  the  ag- 
gressive part  of  prophylaxis. 

To  suppress  and  remove  predisposing  conditions  and  to 
prepare  the  body  h>  resist  and  repel  the  action  of  exciting 
causes,  we  must  not  only  strengthen  its  powers  of  resist- 
ance, but  also  make  all  external  media  as  favorable  to 
healtli  and  as  hostile  to  the  exciting  causes  as  possible. 
The  defensive  powers  of  the  body  must  lie  in  the  indi- 
vidual cells  and  tissues  of  the  body,  including  the  vital 
fluids,  and  it  is  but  natural  to  suppose  that  tliis  repellent 
action  to  noxions  anbstances  is  performetl  best  when  the 
cells  and  tissues  are  in  most  perfect  health  and  most 
vigorous  condition.  This  is  not  only  good  logic,  but  all 
experience  and  scientific  research  go  to  show  that  it  Las  a 
firm  foundation  in  fact. 

We  shall  soon  learn  that  purity  of  the  external  media 
and  environment  of  the  body  is  essential  to  ils  welfare 
and  that  of  its  component  tissues,  and  that  conditions  of 
impurity  in  these  media  predispose  to  disease.  We  shall 
also  learn  that  a  proper  and  sufficient  supply  of  whole- 
some food  is  essential  to  health,  and  that  certain  other 
factors,  as  sex,  age,  clothing,  climate,  etc.,  may  act  for 
good  or  ill  in  the  determination  of  the  balance  between 
health  and  disease.     In  other  words,  if  we  strengthen  the 
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resistant  powers  of  the  system  to  the  fullest  extcDt  and  re- 
move uU  ])rcdi»p<ist[ig  conditions,  iu  all  probability  the 
exciting  caiuses  will  be  inoperative  in  must  cases,  and  thoro 
will  be  no  incurrence  of  disease.  This  is  the  essence  of 
sanitatiim :  to  secure  perfect  health,  to  increase  the  inher- 
ent power  to  resist  noxious  and  harmful  influences,  and 
to  make  all  the  surroundings  and  environments  of  the 
body  safe  and  free  from  depressant  factors.  This  applies 
equally  to  both  classes  of  disease;  for  with  healthy  cells 
and  proper  food  there  will  not  be  faulty  nutrition  and 
assimilation  or  improper  functioning  and  the  consequent 
production  of  the  exciting  causes  of  autogenetic  disease  ; 
and  with  a  vigorous  resistance  and  wholesome  environment 
there  is  little  opportunity  for  the  germs  of  infectious  mala- 
dies to  obtain  a  foothold  within  the  system  long  enough  to 
reproduce  themselves  and  cause  their  characteristic  dia- 
orderw.  The  l»est  means,  therefore,  of  preventing  disease 
is  to  learn  and  apply  the  best  methods  of  attaining  and 
retaining  a  healthy  and  vigor()Us  state  of  the  system,  viz., 
to  determine  and  observe  the  laws  of  hygiene. 
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The  increase  in  the  knowledge  concerning  the  lowest 
forms  of  life,  and  the  discovery  within  recent  yeara  tliat 
these  often  have  a  causative  action  in  the  excitation  of 
many  mabdies,  have  greatly  facilitated  the  study  of 
the  prevention  of  disease.  In  fact,  it  is  largely  to  this 
advance  in  knowledge  and  to  the  confirmation  of  the  germ 
theory  that  much  of  the  success  of  modem  hygiene  and 
sanitation  is  due.  In  addition,  many  species  of  bacteria 
I  are  of  extreme  importance  because  their  function  is  that 
of  scavengers,  continually  working  to  remove  and  convert 
the  useless  and  liarmful  wastes  of  the  world  into  matters 
of  high  value  as  food  for  organic  life;  while  still  otlier 
kinds  are  being  found  to  have  great  value  in  many  strictly 
commereiul  procea.ses.  A  review  of  the  chief  facts  con- 
cerning them  will  therefore  be  in  place  at  this  time. 

The  unicellular  vegetal  raicro-oi^nisms  divide  them- 
eelves  into  two  general  classes  with  respect  to  their  man- 
ner of  reproduction,  viz.,  those  that  multiply  by  budding 
—the  blastomycdes — and  those  that  increase  by  simple 
division  or  fission — the  ndtizomycetes.  In  the  first  class 
we  have  the  hyphomycetes  or  mould-fungi,  and  the  eao- 
chapomycetcs  or  yeasts,  examples  of  these  being  familiar 
to  every  one.  However,  it  is  with  the  fission-fungi,  or 
b<U!teria  as  they  are  now  more  generally  known,  that  we 
^k  are  most  concerned  as  sanitarians,  since  they  practically 
^^k  include  almost  all  those  v^;etal  micro-organisms  that  are. 
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more  or  less  closely  connected  with  the  production  of 
disease  as  well  as  with  the  removal  of  ofTcQ^ive  matter. 
Comparatively  few  of  the  yeasts  and  motilds  are  patho- 
genic, and  then  only  indirectly  or  in  u  minor  d»^ree. 

Bacteriology,  then,  is  the  science  of  those  unicellular 
v(^tal  Diicro-organisms  that  multiply  by  direct  divisitin 
(fission),  or,  as  occaslunally  happens,  by  the  development 
of  spores.  Its  study  consists  in  the  examination  by  means 
of  the  microscope  of  the  form  and  nietho<l  of  growth  of 
these  miuute  plants,  in  their  artificial  cultivation  on  or  in 
suitable  media,  and  in  the  determination  of  the  effects  of 
the  inoculation  of  pure  cultures  upon  animals.  To  these 
may  .be  added  another  field  of  rcsrarcb  that  gives  promise 
of  development  in  the  near  future,  vtz.,  the  study  of  the 
chemistry  of  the  bacterial  products  and  of  the  reactions 
produced  by  their  presence  in  culture-media  and  in  living 
tissues. 

Although  more  than  two  centuries  have  elapsed  since 
the  discovery  of  the  bacteria  by  Leenwenhoek  (about 
1680),  and  thongh  Plenciz  advanced  as  early  as  1762 
what  is  practically  the  germ  theory  of  to-day,  most  of  our 
knowledge  ci>nceming  the  physiology,  methods  of  culti- 
vation, and  differentiation  of  the  bacteria  have  been 
acquired  within  little  more  than  twenty  years.  It  is  true 
that  some  earlier  advance  had  lieen  made  in  steriliza- 
tion, and  that  Cohn,  by  establishing  the  fact  of  Hpore- 
formation,  demolished  the  last  argument*;  in  favor  of 
spi>ntaneouB  generation,  and  confirmed  the  science  of  bac- 
teriology ;  but  until  the  years  Just  preceding  the  last  two 
decades  we  had  but  little  knowledge  as  to  tlie  means  of 
separating  and  isolating  the  different  species  and  making 
"ire  cultures,  or  of  preparing  culture-media,  staining,  etc. 

is   has  been   intimated,  the   bacteria  are  unicellular 
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oi^anigtns,  usually  miiltiiilying  by  a  process  of  cell-elonga:- 
tioQ  and  S-ssiou.  Being  without  clitorophyll,  they  canDot 
absorb  and  ileconipocte  i»rboD  dioxide  and  ammonia,  as  do 
the  higher  plants ;  but  require  for  their  gnuvth  antl  nutri- 
tion oi^nic  matter — usually  soluble  albumin — in  the  pres- 
ence of  moisture.'  Hence  they  must  be  either  saprophytes 
or  parasites.     As  the  combination  of  albuminous  organic 


matter  and  water  is  extremely  common,  so  the  distribu- 
tion of  the  bacteria  over  the  earth  is  widespread  and  prac- 
tically universal. 

Some  of  the  bacteria  may,  under  adverse  conditions, 
[  Buch  as  lack  of  nutriment  or  of  moisture,  too  alkaline  or 
I  bw  flcid  a  medium,  extremes  of  tempeniturc,  etc.,  or  on  the 
I  other  hand,  as  a  result  of  the  attainment  of  a  stage  of 

It  will   be  Dndcnlnnd   tbat  thesr 
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I  development,  produce  spores  whicb  are  much 
more  strongly  resistant  to  deleterioua  influencea  tlmn  the 
bacteria  themselves.  In  this  way  the  Bpore-forming 
species  may  often  survive  the  action  of  disinfectants  or 
other  agencies  that  are  sufficient  to  destroy  other  bacteria. 
Upon  the  resumption  or  recurrence  of  favorable  conditions 
tlie  spores  develop  into  cells  similar  in  form  and  nature 
to  their  parent  cells.     It  is  to  be  rememberal  that  spores 


\^^^^^. 


^ 


do  not  reproduce  spores,  and  that  "  a  single  cell  produces 
but  one  spore."' 

Under  the  microscope  the  spores  are  seen  as  highly 
refractive  spherical  bodies  that  stain  with  difficully,  and 
evidently  have  a  very  resistant  envelope,  probably  of  eelUi- 
The  interior  of  bacteria  and  spores  is  protoplasm. 
^>  far  as  is  positively  known  at  this  time,  only  certain  of 
!  bacilli  form  spores,  while  a  few  of  the  spirilla  and 
■  Abbott,  Piinciples  o(  BacteriolnKy.  lat  ed.,  p.  31. 
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one  or  two  species  of  micrococci  pmbably  liave  the  same 
faculty. 

Again,  UDder  certain  peculiar  coaditioDs  some  oi^anlsmB 
may  develop  another  niorphological  change,  the  so-called 
involution-forms.  These  arc  doubt) e^  putliologically 
distorted  cells,  with  probably  diminished  resisting  powers, 
hut  which  will  revert  to  the  normal  tyjie  under  favorable 
rondition.s,  providing  the  unfavorable  environment  doos 
not  kill  them. 

Lastly,  at  times  certain  individuals  of  a  species  seem  to 
have  departed  from  the  typical  form,  but  these  departurea 
are  only  different  phases  in  the  normal  development.  Thus 
a  young  bacillus  may  l>e  shorter  thaA  the  adult  and  look 
much  like  a  coccus,  or  a  coccus  about  to  undergo  division 
may  be  oval  in  shape  and  considerably  larger  than  the 
quiescent  members  of  its  species.  But  one  form  of 
bacteria  never  permanently  takes  that  of  another — micro- 
cocci are  always  micrococci,  bacilli  always  bacilli,  etc. 

A  thoroughly  scientific  classification  of  the  bacteria  ia 
scarcely  possible  as  yet,  owing  to  our  incomplete  knowl- 
edge of  their  character,  method  of  growth,  physiology, 
etc.  However,  there  are  a  number  of  ways  in  which  we 
may  subdivide  them,  none  of  them  exactly  scientific,  per- 
haps, but  still  sutBciently  accurate  and  convenient  for 
oar  purpose.  If  we  consider  the  bacteria  as  to  form,  we 
have :  {a)  min-ococci,  splierical  in  shape ;  (A)  bacilli,  which 
have  one  diameter  longer  than  another;  and  (p)  ^irilla, 
spirals  or  segment  of  spirals,'  We  shall  have  more  to  say 
hereafl^r  of  the  characteristics  of  each  of  these  e ulxli visions, 

'AcpomlBly  npuikiDg,  aomc  or  the  wi-callcd  higher  bacteria  have 
more  elaboralp  ilcvelopnient  aiiil  dietinction  na  to  fann,  hut  as  oar  gires- 
ent  dlBTDinlnn  has  almost  entirely  to  do  with  thejihenanienanrthetomi^ 
and  simplor  bacteria  Hie  former  may  henceTorth  be  omitted  t 
iUteamlon. 
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Accordingly  aa  they  live  best  with  or  without  air  or  o; 
gen  tln^y  are  aerobic  or  aiuierobic.  Again,  they  may  be 
named  according  to  their  product — e.  g.,  some  produce 
ailors,  ehromogenic ;  others  ^na,  pyogenic,  etc.  Lastly, 
they  exist  and  grow  either  as  vaprophytes  upon  dead,  or 
86  })araiiUes  upon  living  organic  matter.  We  also  say 
that  an  organitsm  is  optional  or  facultatirti  when  it  is  at 
one  time  a  aiprophytc  and  at  another  a  parasite,  or  at 
one  time  aerobic  and  again  anaerobic;  and  that  it  is 
obligate  when  it  has  not  tliis  projwrty  of  changing  ite 
nature  according  to  siuroundiDg  conditions. 

Some  of  the  micrococci  arc  named  according  to  the 
manner  in  which  they  grow.  If  in  pairs,  they  arc  called 
diplococci;  in  fours,  tetmcocd ;  in  tlireads,  Mrepiococci, 
etc.  Groups  or  masses  of  micrococci  or  bacilli  held  to- 
gether by  a  gelatinous  substance  are  called  zooglea.  With 
one  or  two  exceptions  we  know  hut  little  about  the  spi- 
rilla. The  germ  of  cholera — the  comma  bacillus  (?) — 
belongs  to  this  class,  and  the  cause  of  relapsing  fever  is 
also  probably  a  spirillum. 

Most  of  the  bacteria  thrive  best  in  culture-media  that 
arc  neutral  or  only  slightly  alkaline,  though  a  few  speciee 
seem  to  do  better  in  slightly  acid  surroundings.  So,  also, 
they  do  best  at  temperatures  ranging  between  20°  and 
40°  C.  (68°  and  104°  F.),  though  they  may  grow  at  any 
temperature  between  5°  and  43"  C.  (41°  and  109,4°  F.). 
Any  marked  deviation  in  the  culture-media  from  the 
neutral  point  or  continued  exposure  to  extremes  of  tem- 
perature may  either  check  the  growth  of  the  organisms 
altogether,  and  eventually  destroy  them,  or  may  canse 
spore-formation,  or  the  production  of  involution-forms, 
.or  a  change  in  the  composition  and  the  character  of  the 

lemical  pOHlucta  which  the  bacteria  normally  produce. 
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This  also  holds  good  with  rt-spect  to  any  other  condition 
or  substance  that  may  be  deleterious  to  the  bactoria  in 
tlicir  normal  state ;  wherefore  we  tiliall  sec  that  it  is  im- 
portant as  having  a  deci<led  influence  in  altering  the  viru- 
lence of  pathogenic  bacteria  and  in  suggesting  methods  for 
bnnging  about  a  condition  of  immimity  to  their  attacks. 

As  it  is  rare  to  find  isolated  individual  s]>ecies  anywhere 
except  in  pure  cultures  artificially  prepared,  it  ia  evident 


Fig.  3. 


that  we  must  devise  aome  way  of  separating  the  different 
kinds  of  organisms  one  from  another.  This  i»  best 
accomplished  by  the  method  suggested  by  Koch,  viz.,  to 
introduce  the  mixed  kinds  into  aome  melted  culture- 
medium,  like  nutrient  gelatin,  which  solidifies  on  cooling, 
but  whose  melting-point  is  not  sufficiently  liigh  (o  destroy 
the  vitality  of  the  germs.  If  the  fluid  be  well  shaken, 
the  various  species  will  be  distributed  through  it,  and  upon 
cooling  each  individual  or  group  (/ooglea)  of  individuals 
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of  tlie  same  kind  will  be  fixeil  in  its  place  and  lM>come 
slarting-point  of  a  rolont/  of  tliat  sjKx^al  kind.     Moreover, 
if  tbe  gL-latin    bt'fore  cooling  Ijc  [xjnn'd   U[x>n  sterilized 


e  the     1 
over, 


glass  plates  or  into  flat  (Petri)  dishes  (Kig.  5),  the  Bubse- 

(jitont  work  of  counting,  examining,  and  making  cultures 

from  the  colonics  thus  secured  will  be  greatly  facilitated. 

Fig.  5. 


Petri  doable  dl^b  (nnw  gcncrall;  oitcd  Instead  of  pUloa). 

while  by  transplanting  and  repeating  the  prtwesf!  one  or 
mnre  times,  absolutely  pure  rultun's  of  each  species   in 
Mhe  ori^nal  mixture  may  1k>  obtained. 
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Special  care  must  be  taken  in  this,  ns  in  all  otlier  bacte- 
riolf^iaJ  methods  or  ojierations,  to  prevent  contamination 
of  cultures,  media,  or  apparatus  by  other  or^nisins  which 
are  almost  omnipresent,  and  which  would  prevent  accurate 
results  or  deductions  were  they  not  rigidly  excluded  or 
destroyed.  Obviously,  we  may  not  use  chemical  disinfect- 
ants or  antiseptics  as  a  means  of  destroying  the  interfering 
microbes,  for  euoli  procedure  would  kill  or  inhibit  the 
growth  of  the  bacteria  we  desire  to  cultivate ;  but  we  must 
sterilize  by  heat  all  the  articles  used,  together  with  tlieir 
contents.  Tliis,  if  properly  done,  does  not  affect  the 
nutrient  properties  of  the  culture-media,  while  it  does 
remove  the  danger  of  contamination  already  present. 

In  sterilizing  we  may  use  either  dry  or  moist  heat,  the 
latter  being  far  more  preferable  in  must  cases,  since  to 
be  effectual  it  does  nut  require  so  high  a  tempemture  nor 
so  long  a  time  as  does  the  former.  Moist  heat,  especially 
in  the  form  of  steam,  is  more  penetrating  than  ilry  heat ; 
beside,  dry  heat  mu^t  l>e  of  so  high  a  temperature  that 
it  may  render  useless  for  culture  purposes  such  substances 
as  nutrient  gelatin.  Glassware  and  the  like,  however, 
may  be  quickly  and  advantageously  sterilized  by  dry  heat. 
On  the  otlier  hand,  certain  substances,  like  blood-serum, 
are  spoiled  for  culture  pur]>oses  by  moist  heat  continued 
sufficiently  lung  to  kill  the  spores  possibly  present,  as  the 
latter  require  a  higher  tejaperature  or  more  prolonged 
beating  to  steriltiic  them  tlian  the  bacteria  without  sjiores. 
Resort  is  tht^refore  had  to  fractional  sterilization  in  such 
cases,  ex|>osing  the  materials  for  only  a  short  time  to  a 
temperature  just  sufficient  to  destroy  the  bacteria,  repeats 
ing  the  pmcess  after  an  inter^-al,  say  twenty-four  hours, 
which  is  presumably  sufficient  to  allow  the  spores  to 
develop  intj>  luictcria ;  and  again  a  third  time,  after  a  like 
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interval,  to  insure  absuhite  sterilization.  Previous  to  1 
sterilizing  the  ciilturo-media  and  appnrutiiu  we  prevent  J 
the  subsequent  access  of  contiiminiiting  germs  to  the  j 
interior  of  tubes  and  vessels  by  plugs  or  stoppers  of  ( 
cotton-wool,  covering  these,  when  necessary,  with  rubber  I 
ca\Ki  to  prevent  the  evaporation  of  fluids  or  of  moisture 
from  the  gelatin,  etc. 


Aa  a  basis  for  a  number  of  culture-media  we  may  use  1 
beef-broth  or  bouillon,  which  is  a  fluid  especially  favoi^  ] 
able  to  bacterial  growth  in  that  it  contains  an  nbundanos  ' 
of  albumin  in  solution.  When  a  solid  medium  is  desired, 
either  gelatin  or  agar-agar  {a  gelatin-like  substance  ob-  1 
tained  from  Ja[>an)  may  Im  added  to  bouillon,  givitif;  | 
.  nutricut  gelatin   and  nutrient  agar-agar.     Of  these,  the  j 
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gelatin  has  a  melting-point  below  the  temperature  of  tbe 
liiiman  Ixxly,  while  that  of  agar  is  above;  eonsequently  we 
employ  the  latter  when  it  is  Jesirwl  to  cultivate  germs  that 
grow  best  at  the  bdly  temperature,  although  the  develop- 
ment of  most  bacteria  is  usually  more  rapid  and  eliarae- 
teristic  ujwn  gelatin.  Blood-senim  sterilized  and  solidi- 
fied is  also  used  for  the  cultivation  of  certain  oi^nismSj 


like  tiie  diphtheria  )>aeillug ;  and  there  are  rertaiii  others 
which  can  only  be  identified  by  their  difference  in  growth 
upon  boiled  polato,  milk,  etc 

The  differentiation  of  the  various  species  of  bacteria  is 
to  be  made  by  noting  their  appearance  and  form  under 
the  microscope,  wlietlier  they  are  motile  or  nut,  htiw  tliey 
take  different  stains,  et«. ;  by  observing  their  methods  of 
growth  in  or  upon  different  cnlture-me«lia,  and  the  color 
aod  appearance  of  the  colonies ;  by  noting  whether  they 
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!irc  nt-robic  or  anacn>bi<',  or  facultative,  and  at  wliat  tem- 
peratures tlioy  thrive  beat,  ete. ;  and  finally  by  sludying 
their  action  and  the  effect  of  their  products  uytan  living 
animals.  In  this  way  we  may  determine  the  characteriB- 
tics  of  eacli  iudivlduul  or  gpccies,  and  will  eventually  have 
the  data  iur  a  strictly  scientific  classiti cation  of  the  bac- 
teria in  general.  For  example,  the  organisms  causing 
suppuration  arc  u^iually  micrococci,  occnrring  in  clufstiTS 
(staphylococci)  or  iu  chains  (streptococci);  the  cause  of 
typhoid  fever  is  a  bacillus,  and  the  cholera  germ  Ixlongs 
to  the  spirilla.     The  tubercle  bacillus  stains  with  marked 
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difficulty,  but  when  stained  is  not  readily  deoolorized  by  a 
weak  solution  of  nitric  acid,  as  are  almost  all  other  bacilli. 
Some  bacteria  liquefy  nutrient  gelatin,  others  do  not,  and 
almost  none  liquefy  agar-agar.  This  liquefaction  is  not  a 
melting,  but  rather  a  probable  peptonization,  since  the 
gelatin  will  not  solidify  after  this  occurs,  as  it  does  af^er 
being  subjected  to  moderate  warming.  Again,  some  bac- 
teria jiroduce  one  particular  color  or  chemical  substance  in 
the  presence  of  oxygen,  and  another  in  its  absence ;  some 
produce  color  only  in  the  light,  others  only  in  the  dark, 
etc.  Finally,  difFereut  pathogenic  microbes  cause  differ- 
ent maladies  when  inoculated  in  animals  or  human  beings, 
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and  the  same  gt'rm  may  produce  different  rer^tilts  in  aui- 
maU  of  different  species  or  families.' 

The  subdivision  of  the  bacteria  into  aapnipliytes  and 
pamsicea  has  already  been  noted.  Therefore,  it  must  )>e 
remembered  that  not  all  of  these  luicroseopio  plants  are 
disease-producers;   mueh   the  lai^T  proportion,  in  fact, 


alpohnl  tamp,  uiod  for  obuining  ci 

being  benefactors   rather  than   otherwise  to  the  human 


The  function  of  many  of  the  saprophytic  or^nisma 
I  is  to  change  dead  oi^:inic  matter  into  simpler  chemical 
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compounds  and  ultimaU'ly  into  end-producta  such  as  carbofir 
dioxide,  ammonia,  and  water,  these  lutt«r  substances  beingfl 
once  more  utilized  in  the  nutrition  of  the  biglier  formsS 
of  vj^table  life,  whicli  are  in  turn  necessary  to  the  exist-r 
ence  of  the  animal  life  upon  the  globe.     One  should  a 
understand  that  some  of  the  saprophyteti  in  the  soil  s 
to  possesH  a  constructive  or  synthetic  power,  eluboratiDg 
more  complex  plant-foods  from  the  simple  compounds  men- 
tioned.    Indeed,  it  is  only  when  the  student  of  hygiene  i 
fairly  realizes  the  \vide  8co|)e  of  the  functions  of  these  d 
Dute  but  almost  omnipresent  scavengers  that  he  will  com*! 
prehend  the  important  part  they  play  in  the  purificationj 
of  our  environment.     In  the  air  they  jwssibly  help  thai 
oxygen  to  destroy  the  harmful  effluvia  and  exhalations  of  W 
men  and  animals  and  the  floating  df'bri8  of  organic  sub-^fl 
stances ;  in  the  soil,  the  common  receptacle  of  the  waste 
and  refuse  of  vital  activity,  they  (juickly  and  continually  | 
convert  these  noxious  additions  into  foods  of  the  highest 
value  to  growing  plants ;   in  running  streams  and  quiet 
pools  they  are  of  the  greatest  importance  in  the  removal 
of  the  dangerous  impurities  washed  from  the  surface  of  J 
the  land  or  recklessly  di6chai^;ed  from  human  habitationajJ 
factories,  and  the  like.     And  not  only  do  the  saprophyt 
help  mankind  in  this  way,  but  members  of  the  class  i 
beneficent  in  many  others.     For   example,  they  i 
those  plants,  the  legurainosffi,  which  yield  us  the  lai 
supply  of  vegetable  proteids,  to  derive   much  of  th^^ 
nitrogen  almost  directly  from  the  atmosphere ;  they  hav< 
much  to  do  with  the  flavor  and  value  of  dairy  product 
and  uses  in  which  they  may  be  employed  in  the  domes 
and  commercial  affairs  of  life  are  lieing  newly  announce 
from  day  to  day.     Thus  we  find  the  bacteria  of  this  c 
which  comprises  by  far  the  greater  number  of  know; 
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Bpecies,  to  be  oiir  benpfactora  and  iiidispeosuble  servants 
buth  in  preventing  the  accumulation  of  noxiouu  and  Imrm- 
ful  substances  upon  tlie  curtb  aiid  in  helping  to  produce 
tbe  food  whiub  we  cut  and  muny  things  that  we  need  and 
use  in  our  daily  life. 

The  parasitic  bacteria,  on  the  other  band,  have  their 

habitat  in  or  upon  highly  organized  living  matter,  and 

exist  at  ila  expense.     They  also  produce  in  their  growtli 

poisonous  sutistances,  called  tozma  and  toxitlhvmins,  that 

I  are  either  locally  or  generally  harmful  to  the  organism 

I  that  is  their  host.     It  is  needless  to  say  that  it  is  in  this 

class  that  we  find  the  disease  germs,  or  puthot/eiis  as  some 

luld  call  f  hem.    It  should  not  be  foi^tten,  however,  that 

the  saprophytes,  in  bringing  about  tbe  decomposition  of 

complex  organic  bodies,  may  also  produce  ptomaina,  which 

I  may  or  may  not  be  toxic  to  animal  life.     Of  these  latter, 

I  we  may  instance  as  good  examples  the  cadaveric  poison  of 

I  the  dissecting-room  or  the  dangerous  tyrotoxicon,  a  by  no 

[  means  uncommon  product  in  the  decoai|Josition  of  milk  or 

I  ice-cream.   But  though  ptomaVna  may  be  more  or  less  char- 

lactpristicof  the  respective  bacteria  that  produce  them,  each 

I  varies  in  its  composition  and  properties  according  to  the 

[  substance  upon  or  in  which  it  is  produced,  while  the  toxins 

I  are  specific  derivatives  or   "active  principles"  of  their 

■  respective  microHsrganisms.      In   other   words,  different 

I  kinds   of  saprophytes   may  produce   tbe   same  ptomain 

from  a  given  oi^nic   substance,  but  each  toxin   is  the 

I  product   of  its   own    particular  species  of  bacteria  and 

'i  independent  of  the  lattcr's  place  of  growth  or  envirou- 

I  tnent. 

Considering  for  the  present  the  pathogenic  bacteria 
lone,  wc  are  naturally  brought  to  the  discussion  of  the 
i  theory,  which   is,  that  the  exciting  cnuBe  of  each 


1 


50  BACTERIOLOGY. 

contagious  or  infectious  disease  is  some  specific  parasitic 
organism,  and  that  these  diseases  are  each  communicated 
only  by  the  transferrence  to  and  development  of  the  par- 
ticular parasite  or  germ  within  or  upon  the  tissues  of  the 
infected  individual.  Conseciuently  such  diseases  are  trans- 
mitted from  one  person  to  another,  or  in  some  cases  from 
animals  to  men  or  vice  versa,  by  means  of  those  micro- 
organisms, and  the  transferrence  is  by  air,  water,  food,  or 
other  fomites,  or  by  direct  contact.  It  is  evident  that  if 
acquired  knowledge  establishes  the  truth  of  this  theory, 
the  prevention  of  infectious  diseases  is  greatly  simpli- 
fied and  becomes  merely  a  matter  of  combining  effective 
sanitation,  of  which  we  have  spcjken,  with  the  destruction 
of  the  specific  exciting  causes — /.  f.,  disinfe(*tion.  Nor  is 
it  essential  that  we  any  longer  make  a  distinction  between 
the  terms  contagious,  infectious,  zymotic,  and  specific,  that 
formerly  obtained,  since  they  may  practically  be  used 
synonymously.  The  first  of  these  terms  used  to  be  ap- 
plied to  those  diseases  which  were  believed  to  be  trans- 
mitted most  frequently  by  direct  contact,  and  infecHoxis 
to  those  of  which  the  transmission  was  usually  by  fomites. 
But  we  know  that  germs  of  the  former  class  may  be  trans- 
mitted by  air,  water,  food,  etc.,  and  those  of  the  latter  by 
personal  contact,  though  the  reverse  is  what  usually  hap- 
pens in  the  respective  cases.  Ocea>»ionally  disease  occurs 
also  by  inoculation,  the  exciting  organisms  being  intro- 
duced into  the  body  either  accidentally  or  intentionally 
through  some  wound  in  the  protecting  skin  or  mucous 
membrane.  The  term  zymotic  was  formerly  applied  to 
those  diseases  occurring  in  epidemics,  and  which  were 
supposed  to  be  due  to  fermentative  processes ;  if  used  at 
all,  it  should  l)e  given  to  any  disease  due  to  a  living 
germ.     The  term  specific  should  only  be  given  to  those 
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maladies  which  have  a  B[>ecific  origia — /.  p.,  which  have 
been  proved  to  be  due  to  a  single  or^nism. 

In  this  connection  we  may  define  an  epidemic  as  "an 
outbreak  of  a  communicable  or  infectious  disease  aS^cting 
a  dozen  or  more  individuals  in  quick  succession  before  the 
recovery  of  the  first  case,  whether  arising  from  a  single 
focus  or  several  foci  in  a  nelghborhooti." '  An  endemic 
disease  is  one  occurring  more  or  less  constantly  in  a  cer- 
tain locality.  When  an  epidemic  extends  over  a  very 
large  territory,  it  is  said  to  be  pandemic. 

That  all  communicable  diseases  are  due  to  vt^etal  germs 
or  kindred  animal  organisms  is  more  tlian  probable,  and 
while  there  are  some  for  which  this  has  not  been  fully 
proved,  it  is  scarcely  possible  that  any  of  these  may  arise 
from  insanitary  conditions  without  the  presence  of  a  living 
causative  organism. 

The  reasons  for  believing  in  the  germ  theorj'  are  based 
on  empirical  and  logical  facts  as  well  as  theoretical  hyjKith- 
Esea.  Ignoring  at  present  the  scientific  research  work 
already  done,  it  is  evident  that  the  sul)stance  that  causes 
a  disease — the  c<mtagium — must,  when  introduced  into  a 
eusceptible  person  or  animal,  increase  in  quantity  to  an 
enormous  extent.  Note,  for  instance,  the  large  quantity 
of  actively  virulent  matter  thrown  off"  from  a  case  of 
smallpox  or  scarlet  fever,  and  yet  how  very  little  is 
required  to  initiate  an  attack  of  the  disease.  No  inert 
chemical  substance  has  the  power  of  being  increased  to 
0Uch  an  extent  by  simply  iinding  lodgment  in  a  suitable 
tnedium. 

The  poison  of  contagion,  whatever  it  may  be,  evidently 

must  have  life  and  the  power  of  reproduction.    Moreover, 

these  causes  of  disease,  when  freed  from  the  Ixnly,  may 
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be  carried  lung  dktonces,  and  may  still  retain  for  years 
their  puwcr  fur  liami,  only  waiting  a  suitable  (ie]<l  in 
which  t«  multiply  and  cau^ic  the  same  malady  aa  befurc. 
Such  catisoB  must  therefore  be  cajiable  of  entering  a  state 
in  which  viudity  is  latent,  and  in  which  the  reproductive 
functions  are  for  a  time  inactive.  But  it  is  known  thst 
the  spores  of  many  bacteria,  and  sometimes  tlie  bacteria 
themselves,  may  be  carried  afar,  kept  for  lung  periods  of 
time,  and  even  exposed  to  wide  oxtrem«i  of  temperature, 
without  being  killed  or  losing  their  power  of  reproduction 
and  nipid  multiplication.  Again,  we  know  that  substances 
that  are  poisonous  to  or  that  prevent  the  development  of 
these  l»acteria  and  kindred  low  forms  of  life,  do,  when 
properly  used,  prevent  or  remove  the  danger  of  contagion 
and  infection. 

There  is  also  in  the  development  and  pn)gres8  of 
infectiouB  disease  a  direct  analogy  to  the  phenomena  of 
fermentation,  whose  causative  organisms  are  of  the  same 
onior  as  these  which  we  are  considering;  the  same  rapid 
mnltiplicstion  of  ceJIs  in  suitable  media  at  pn>per  tem- 
peratures, a  period  of  incubation,  and  then  changes  in  the 
infected  body  or  host,  which,  after  going  on  to  a  certain 
extent,  check  the  further  development  and  multiplication 
of  the  organism.  What  it  is  in  the  medium  that  checks 
the  growth  of  the  germ  we  may  not  be  able  to  determine 
a  priori,  but  we  may  assume  it  to  be  something  hostile  to 
the  contagium,  as  alcohol  alwve  a  certain  percentage  in 
the  fermenting  medium  is  deterrent  to  the  fiirttier  growth 
of  the  yeast-cell. 

Ijastly,  if  the  proof  of  Koch's  postulates  is  essentiid  to 
the  acceptance  of  a  given  micro-oi^ranisra  as  the  cause  of 
a  given  disease,  we  must  believe,  on  the  otlier  hand,  that 
a  certain  germ  is  a  cause,  if  not  the  only  one,  of  a  certain 
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malady  if  these  pogtulat«s  be  proved  with  respect  to  the 
germ  and  the  malady. 

To  determine  whether  an  organism  U  or  is  not  patho- 
genic !t  is  newssary  to  experiment  on  living  animals.  To 
do  ihia  wc  must  use  pure  cultures  of  the  ni^nism  and 
carry  out  all  our  processes,  ineluding  inoculations  and 
autopsies,  under  strictly  antiseptic  precautions.  For  ex- 
ample, we  may  examine  niicroseopically  the  blood  and 
\'arious  tissues  of  a  diseased  animal  ;  if  bacteria  bo  present 
in  any  of  these,  we  make  cultures  from  them,  and  if  more 
than  one  kind  of  bacteria  be  present,  the  various  kinds 
must  be  isulatetl  and  pure  cultures  made  from  each  kind. 
When  a  pure  culture  is  at  last  obtained,  it  may  be  studied 
both  micruscopieally  and  as  to  its  characteristics  in  various 
media  and  at  different  temperatures.  Finally,  healthy 
animals  known  to  be  susceptible  to  the  diecAse  in  question 
are  inoculated  from  the  pure  culture,  and  afier  the  period 
of  incubation  carefully  watched  for  symptoms  of  the  dis- 
w.  Should  these  manifest  themselves,  the  animal  is 
killed  and  its  blood  and  tissues  carefully  examined  for 
the  inoculate<l  organisms.  A  similar  study  is  to  be  made 
of  each  species  isolated  from  the  first  animal. 

The  postulates  of  Koch,  which  are  necessary  to  prove 
that  a  germ  is  the  cause  of  a  given  disease,  are :  1,  The 
micro-organism  must  be  found  in  the  blood,  lymph,  or 
tissues  of  a  person  or  animal  sick  or  dead  of  the  disease. 
2.  The  micro-organism  roust  be  isolated  from  the  blood, 
lymph,  or  tissues,  and  cultivated  in  suitable  media  out^ 
ude  of  the  animal  body.  These  cultivations  must  be 
carried  on  through  several  generations  until  a  pure  cult- 
ure of  the  germ  is  obtained.  3.  A  pure  culture  thus 
mL  obtained  must,  when  iutn*duced  into  a  healthy  and  e 
^^    ocptible  animal,  prodiiCL'  the  disease  in  question.     4.  In 
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the  inoculated  aaimal  the  same  organism  must 
found. 

In  the  case  of  many  diseases  peculiar  to  human  Wings 
alone  the  third  condition  must  remain  undetermined  and 
our  chain  of  proof  be  broken,  because  we  should  not  en- 
danger human  health  or  life  by  experimentul  inoculations. 
But  in  diseases  commoo  to  men  and  animals  tlie  experi- 
ments necessary  can  be  completely  carrie<l  out,  and  where 
a  germ  can  l>e  proved  to  be  the  cause,  according  to  these 
postulates,  of  the  malady  in  animals,  we  can  also  fairly 
conclude  that  it  is  the  cause  of  the  some  disease  in  human 
Iwings.  The  specific  germs  of  a  number  of  maladii<s  com- 
mon to  man  and  beast  have  thus  been  determined,  together 
with  those  of  a  large  number  of  affections  peculiar  to  ani- 
mals aloue. 

Granting  that  a  certain  organism  be  pathogenic,  inl 
tion  by  it  will  depend  not  only  a^a  the  susceptibility 
tlie  animal  or  person  concerned,  but  also  upon  the  method 
of  entrance  into  the  body,  the  number  of  microbes  intro- 
dueed  and  present,  and  especially  upon  their  degree  of 
virulence.  Thus,  the  tubercle  bacilli  produce  effects  of 
different  character  and  gravity  in  different  tissues,  and  it 
needs  no  argument  to  show  that  while  the  normal  resistance 
of  the  body  may  be  all-sufficient  to  overcome  a  few  vicious 
germs  taken  in  with  the  air,  food,  or  drink,  it  may  be  en- 
tirely inadequate  to  resist  and  may  quickly  succumb  to 
lai^  numbers  of  the  same  enemy,  especially  if  the  vini- 
lence  of  the  latter  be  enhanced,  as  we  now  know  it  may 
be,  by  various  factors  that  thus  assume  great  sanitary 
importance.  Not  the  least  of  these  are  temperature  and 
nutrient  conditions,  and  change  in  potency  due  to  growth 
and  development  in  certain  animal  or  human  bodies. 

After  infection  or  the  reception  of  the  contagtum 


im  Im^^H 


SBFTICEMIA  AND   TOXEMIA. 


65 


susceptible  ODUDal  or  person  there  is  a  period  of  ineuba- 
tioit  before  the  matiiiestation  of  the  cliarsctcristic  aymp- 
toms  of  the  disease.  This  period  is  variable  according 
to  the  diseafic  or  kind  of  germ,  and  during  it  the  miero- 
urganisms  rapidly  iucreaiie  in  numbers  and  their  conse- 
quent power  for  evil. 

After  the  pathological  process  is  well  under  way  we 
shall  probably  find  one  of  two  conditions  existing,  viz., 
that  "in  which  the  blood  is  the  chief  field  of  activity  of 
tile  organisms," '  and  the  vessels  of  the  victim  are  swarm- 
ing with  tlie  microbes — in  otiier  words,  a  true  aepticxemia  ; 
or  else  one  in  which  "  the  poisonous  results  are  not  neces- 
sarily accompanied  by  the  growth  of  organisms  in  the 
tissues,"  these  latter,  in  all  likelihood,  not  extending 
beyond  the  lymphatic  glands  nearest  to  the  point  of  inocu- 
lation— /,  c,  a  loxtrmia.  A  go<id  exami)le  of  the  former 
condition  is  furnished  by  a  case  of  anthrax  or  of  pyaemia, 
and  of  the  latter  by  diphtheria.  However,  we  shall  find 
in  either  condition  that  if  we  isolate  the  peculiar  product 
or  toxin  of  the  specific  germ,  either  from  artificial  growths 
Dpon  or  in  culture-media,  or  from  the  blood  or  tissues  of 
n  animal  sick  or  dead  of  the  disease,  and  inoculate  this 
into  a  susceptible  animal,  the  general  symptoms  and 
results  produced  are  practically  the  same  as  in  an  ordinary 
case  of  the  disease,  Tliis  goes  to  prove  that  tlie  products 
I  of  pathogenic  bacteria  are  toxic  in  character  and  harni- 
iiil  to  the  tissues,  either  locally  or  generally  ;  that  each 
of  these  toxic  products  gives  rise  in  susceptible  animals  to 
characteristic  symptoms  which,  taken  together,  indicate 
'  a  specific  disease,  and  that  infection  must  be  accordingly 
[  a  chemical  and  toxicological  process.  Another  point  to 
I   note  just  here  is  that  these  toxins  are  apparently  harmful 

'Abbott,  loc.  cit. 
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to  the  bacteria  tlicinselves  wlienever  they  exceed  a  oertq 
amount,  as  U  flhiiwn  by  tlie  liu-t  tbut  must  uf  tbe  iufectiM 
(liseast's  are  self-limituig,  and  by  the  cessation  of  growUi 
and  even  tlie  deatli  of  the  germs  in  the  various  cultunv 
media  afWr  a  certJtin  length  of  time.  It  is  but  litir  to 
state,  however,  tlmt  there  is  another  possible  explanation 
of  this  latter  phenomenon,  viz.,  an  increase  in  the  resist- 
ance of  the  infected  b<xly  to  the  action  of  the  germa  and 
toxins,  or,  iis  in  tbe  case  of  culturo-nieiiia,  the  marked 
change  in  reaction  caused  by  the  liacterial  product*. 

Imnmnity. — Having  thus  obtained  some  knowledge  of 
the  exciting  causes  of  infections  diseases  and  of  how  they 
act,  one  of  the  most  iniporlant  considerations  is  in  relation 
to  tlie  prevention  of  the  incurrence  of  these  diseases  by  the 
well,  and  to  the  antagonizing  or  checking  of  the  further 
action  of  tbe  cause  in  those  already  infectet.].   It  is  well  to 
disinfect  and  to  destroy  disease  germs  whenever  and  whet^ 
ever  it  is  possible  to  do  so,  and  ut  t)ie  same  time  to  prevent 
in  any  manner  their  transferrencc  from  unknown  or  iiuic~ 
cessible  sources  to  susceptible  persons,  but  it  is  still  better 
so  to  strengthen  mid  fortify  the  human  body  tliat  the  mi- 
crobes, even  though  received   iuto  it,  will  be  unable  to  do 
it  harm.     Naturally  our  first  desire  would  be  to  secure  a 
permanent  insusceptibility,  if  this  might  be  had  without  too 
great  risk  or  discomfort ;  but  since  this  is  rarely  possible 
with  our  present  knowledge,  wo  must  endeavor,  esi>eciaHy 
when  tbe  danger  of  infection  is  imminent,  to  secure  the 
greatest  possible  immunity  even  though  that  may  l)e  only 
^^      temporary   or   incomplete.      Occasionally   we   find  indi- 
^H^     viduals  that  possess  extreme  natural  immunity  to  certain 
^^^^Miladies ;  obser%'ation  shows  tliat  most  well  persons  have 
^^^^^■biotection  in  tbe  case  of  ordinary  exposure  to  infcc- 
^^^^^^Bnuitter ;  and  further  investigation  leaches  that  this 
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protection  is  materially  aSeete<l  hy  such  &ctors  as  one's 
stall'  of  Iiealtli,  (wt-upation,  ago,  or  diet,  or  by  injuries, 
tlnigs,  fatigue,  exposure  to  heat  or  colil,  etc.  But  our 
df^ira  is  to  know  how  to  provide  a  positive  immunity 
against  each  infection  and  for  all  jwraonfl.  That  we  have 
the  ineann  of  producing  such  protection  in  the  case  of  one 
disettee,  at  least,  in  well  ^hown  by  the  history  of  vaeciua- 
tion,  and  the  work  of  many  investigntors  in  recent  years 
inditnt^^'S  that  the  promise  of  similar  results  in  regard  to 
many  other  maladies  is  by  no  means  vain.  Certain  it  is 
that  many  human  beings  and  animals  have  been  rendered 
apparently  immune  to  other  fatal  diseases,  and  the  indica- 
tions point  to  the  probability  that  the  human  nice  will 
shortly  have  the  same  protection  against  most  of  the  trans- 
missible maladies  that  it  now  has  aguimit  smallpox. 

With  the  knowledge  that  immunity  to  infectious  dis- 
eases may  be  produceil  cither  accidentally  or  intention- 
ally, and  may  be  practically  applied  without  a  complete 
understanding  thereof,  >v'o  neetl  not  consider  the  method 
whereby  the  botiy  brings  about  such  immunity.  Never- 
theless, it  may  be  well  to  consider  several  theories  that 
have  been  advanced  in  the  attempt  to  explain  the  phe- 
nomenon. Of  these,  two  have  been  practicully  dis- 
proved, viz.,  the  cj-fiaustioti  theory  of  Pasteur,  which  was 
that  the  pathc^enic  germs  in  their  process  of  growth 
in  the  body  removed  some  material  from  the  latter  neces- 
sary to  their  existence;  and  the  diametrically  opposite 
retention  theory  of  Chauvean,  which  was  that  the  germs 
produced  some  substance  which  gave  immunity  as  long  as 
it  was  retained  in  the  tissues.  On  the  other  hand,  there 
are  strong  adherents  to  botli  the  phagocytoaig  theory  of 
I  Metohnikoff  and  the  humoral  theory  of  Buehner. 

The  phagocytosis   theory  is,  "  that   immunity  against  ( 
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infection  is  essentially  n  matter  between  the  invadiDg:<l 
bacteria  on  tlie  one  hand  and  the  leucocytes  of  the  tisstiet 
on  the  other ;  that  during  the  first  attack  of  the  disease  th^'l 
whit«  blood-corpnscles  gain  a  toicrance  to  the  poisons  of  | 
tiic  bacteria,  and  eo  are  able  to  resist  the  next  incursions  J 
of  the  enemy  and  actually  to  attack  and  destroy  the  latter.'* 
Buchncr  has  apparently  shown  that  the  blood-plasma^ 
especially  that  of  iiiiniune  animals,  is  bactericidal  to  many  I 
virulent  germs,  and  be  attributes  this  ci!'cct  to  the  pre»*  1 
cnce  in  the  fluid  of  certain  proteid  substances  akin  to  I 
globulin.  These  he  terms  alexhm,  from  a  Greek  wonll 
meaning  to  protect.  Further,  he  believes  that  they  act! 
chemically  in  causing  dciktii  of  the  disease  germs,  and.a 
that  the  increased  amount  of  alexins  in  the  blood  of  thoseJ 
who  have  acquired  immunity  is  brought  about  by  a  stimu-i  I 
lation  or  "reactive  change"  in  certain  cells  due  to  tbej 
presence  of  the  bacteria  or  their  products.  Moreover,  thisl 
humoral  theory  serves  to  account  for  the  natural  immo-fl 
nity  i>ossessed  by  some  individuals  and  animals,  their  body- J 
juices  presumably  containing,  through  some  cause  or  othei^j 
an  extra  quantity  of  the  ]>R)tective  proteids. 

But  uii  essential  factor  in  securing  immunity  is  thel 
power  of  tlie  body  to  resist  or  endure  the  [wisons  produoecl,! 
by  the  disease  ^rms,  something  fully  as  important  as  i 
ability  to  destroy  the  infecting  organisms.  Consequential 
there  is  another  theory — that  of  the  antitoxins — whic 
in  view  of  recent  developments  and  the  fact  that  iH 
is  the  most  capable  of  immediate  practical  applio 
is   probably   the    most    im}x>rtant  of    all.      It   is 

fi  that  the  human  sy.stem  has  the  power  of  tola 
or  accoro modal ing  itself  to  the  action  of  almoc 
sic  substance — provided  the  latter  be  administete 
t  iu  sufficiently  minute  da'ies  and  then  gradooUja 
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increased — uutil  it  can  in  time  witlistand  quantities  that  I 
would  quickly  prove  fiitai  tu  one  unaccustomed  to  the  I 
poison.  Khrlich  has  further  shown  that  with  the  toxio 
alkaloids  of  certaiu  higher  plants,  after  a  certain  degree 
of  tolerance  is  attained  the  administration  uf  the  drug  may 
be  much  more  rapidly  increased,  and  that  while  up  to  this 
point  no  apparent  change  occnre  in  the  body-fluids,  now, 
when  the  tolerance  becomes  so  much  increased,  a  new 
substance  is  produced  in  the  blood  which  is  capable  of 
neutralizing  the  poison  in  not  only  the  person  or  animal 
under  experimentation,  but  also  in  others  into  whom  it 
may  be  introduced.  Further  invest  igations  have  shown 
that  this  same  pro<luction  of  antidotal  or  antagonizing 
substances  may  he  brought  about  by  the  slow  adminis- 
tration of  the  toxins  of  jMitliugenic  bacteria — something 
not  hard  to  understand  when  we  remember  tliat  the 
bacterial  toxins  are  just  as  much  the  products  of  plant^life 
as  are  the  alkaloids  that  Ehrlieh  used,  and  very  much 
like  the  latter  in  composition.  "  Antitoxin  is  thus  chieHy 
known  to  us  as  a  specific  disease-resisting  constituent  of 
the  senim  of  immunized  animals." 

On  the  other  hand,  the  antitoxins,  as  these  subatances 
antidotal  to  the  toxins  are  called,  have  been  found  to  l»e 
albuminoid  in  character  and  similar  in  composition  to  the 
nnoleins.  In  fact,  attempts  have  been  made  to  employ 
the  latter  in  place  of  or  in  conjunction  with  the  anti- 
toxins, with  results  that  have  not  been  altogether  without 
Bii(%ess. 

Much  credit  must  be  given  to  the  labors  of  Behring, 
Ronx,  Kitasato,  Haifkine,  and  others  for  the  development 
of  practical  methwis  of  using  the  antitoxins,  methods 
which  are  now  recognized  aa  eminently  proper  and  even 
aaperior  to  any  others  in  the  treatment  of  some  of  the 
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most  virulent  diseases.  The  great  reduction  in  tlie  mor- 
tulity  from  one  disease  alone — diphtheria  ^already  attained 
through  the  application  of  tliis  treatment  almost  exceeds 
expectjitiua  and  belief,  and  the  promise  seems  now  to  bo 
that  the  results  with  respect  to  cholera  and  other  dea<Ily 
maladies  will  Ih;  equally  brilliant  and  add  further  glory  to 
this  new  science  of  bacteriology. 

To  some  it  may  seem  tliat  either  tiie  humoral  or  the 
antitoxin  theory  is  identical  with  tlie  discanlcd  retention 
theory  of  Chauveau  ;  but  it  sliould  be  noted  that  accord- 
ing to  the  latter  the  invading  microbes  themselves  produce 
the  antidote  or  antagonizing  substance,  while  Buchuer's 
theory  attributes  this  pnxluction  to  the  integral  cells  of  the 
body,  which  furnish  the  alexins  normally  in  minute  qimu- 
tities  to  the  blooil,  and  asserts  that  the  latter  are  germicidal 
to  the  bacteria  themselves ;  and,  on  the  other  hand,  the 
antitoxins,  though  produced  like  the  alexins  by  body-cells, 
act  chemically  in  neutralizing  the  bacterial  poisons,  and 
are  dependent  upon  the  prior  presence  in  the  body  of  the 
toxins,  being  a  result  of  its  acquired  tolerance  to  the  latter. 
With  alexins  or  antitoxins  it  is  evident  that  the  immunity 
will  last  only  so  long  as  these  substances  remain  unclianged 
in  the  bloixl. 

However,  there  is  no  reason  why  the  phagocytosis,  hn- 
moral,  and  antitoxin  theories  should  not  mutually  support 
rather  than  tend  to  discrolit  one  another.  There  seems 
to  be  g<x>d  e\'idence  of  the  phenomena  upon  which  each 
of  the  three  is  based,  and  even  with  our  present  incom- 
plete knowledge  of  the  blood  and  its  component  parts,  it 
is  not  difficult  to  conceive  that  while  the  alexins,  and  later 
the  antitoxins,  protect  the  leucocytes  hy  respectively  weak- 
ening the  vitality  of  the  microbes  and  neutralizing  their 
producla,  the  leucocytes  thus  guarded  and  in  full  vigor 
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attack  and  make  way  wEth  the  bacteria,  which  have  lost 
their  power  for  evil.  In  other  words,  if  the  production 
of  the  toxins  of  an  iofectiuim  malady  is  not  too  rapid, 
nil  three  of  these  agents  may  combine  to  overcome  the 
enemy,  and  not  only  to  limit  the  disease,  but  also  to  give 
subsequent  immunity  fur  a  more  or  less  prolonged  period. 
Much  consideration  has  lately  been  ^ven  to  tlie  so- 
called  luUrul  e/min  theory  of  immunit.if  enggested  by 
Ebrlicb  in  1897,  since  it  serves  better  than  anything  else 
to  aid  in  the  solution  of  many  of  the  problems  of  this 
abstruse  subject.  It  is  primarily  dependent  upon  the 
well-knowD  fact  that  many  poisons,  including  the  Ixicterial 
and  similar  toxins,  have  a  specific  attraction  toward  and 
action  upon  certain  cells  of  the  body.  Ehrlich  assumes 
an  extremely  complicated  cell  protoplasm  with  many 
affinities  for  combination  with  external  substanccH.  Tliese 
affinities  may  be  hypothetieally  and  graphically  repre- 
sented as  slight  protoplasmic  protrusions  on  the  contour 
of  the  cell-wall,  and  these  affinities  thus  materialized  be 
terms  "lateral  chains"  or  receptors.  Now  according 
to  their  particular  and  respective  affinities  the  receptors 
attract  to  themselves  the  various  molecular  food  particles 
that  the  cell  needs,  it  l>eing  possible,  however,  for  one 
receptor  to  have  an  affinity  for  several  kinds  of  molecules. 
S«ch  molecules  capable  of  attraction  and  attachment  to 
the  receptors  are  termed  "haptophorcs."  Accordingly, 
haptophores  of  a  poisonous  nature  that  have  either  entered 
or  been  created  in  the  l»ody  may  become  attacheil  to  cer- 
tain receptors  of  a  given  cell,  and  if  of  sufficient  number 
and  virulence  may  altogether  check  the  nutrition  of  and 
destroy  the  cell ;  but  if  not  sufficient  in  number  and 
toxicity,  the  harmful  haptophores  only  stimulate  the  cell 
protoplasm  to  the  formation  of  many  new  receptors  of 
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that  particular  kind  in  urder  that  it»-  nutrition  may  be  main- 
tained ;  and  it  is  conceiviible  that  through  continued  or  re- 
peated irritation  the  cell  may  (create  niaiiy  more  recept<ir8 
than  it  needs,  which  may  subsequently  be  sejiarated  from  it 
and  tlirown  t>ff  as  particulate  bits  of  protoplasm,  each  witli 
its  own  specific  affinities,  into  ttie  surrounding  fluids  and 
spaces  of  the  body.  Eventually,  then,  there  may  be  pre- 
pared enough  specific  receptors,  either  attached  to  or  dis- 
sociated from  the  cells,  to  attract  and  unite  with  all  the 
toxic  haptophores  present,  bo  that  the  cells  are  no  longer 
unduly  irritated,  but  perform  their  functions  in  a  normal 
manner.  Su  also,  cells  primarily  lacking  the  appro- 
priate  receptors  are  immune  against  the  molecules  of  a 
given  poison. 

Ehrlich'a  theory  goes  further,  and,  taking  into  considera- 
tion the  known  production  by  the  animal  body  under 
stimulation  of  particular  foreign  and  harmful  cells,  such 
as  bacteria,  of  specific  substances  capable  of  dissolving  and 
destroying  the  invading  cells,  assumes  the  produotion  of 
ambocejitora  that  will  bring  into  contact  and  union  the  sol- 
vent or  li/Mn  and  the  particular  celts  which  it  is  to  destroy. 

Thus  we  can  appreciate  the  identity  of  the  receptors 
and  antitoxins,  and  that  the  lysins  just  mentioned  corre- 
spond to  the  alexins  of  Buchner. 

"  Acquired  immunity  depends  upon  the  regeneration  of 
receptors  to  compensate  for  those  thrown  out  of  service  by 
union  with  useless  haptophores.  The  increasing  immunity 
characterizing  immunization  depends  upon  the  regenera- 
of  an  unlimited  number  of  receptors,  so  that  the  cell 
provide  for  the  ever-increasing  number  of  haptophona 
;ht  to  it  and  still  have  enough  receptors 
on  il£  own  nutrition."' 

>  Hedicinc,  June,  1903,  p.  4S0. 
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Method    of   Preparing    Diphtheria   Antitoxin. — 

M'illiiu  a  conipiinitivulj-  Mliiirt  yijut-t'  ul'  time  tlie  uiititoxiiiis 
have  been  diaeoverfd,  trie*!,  and  pnictkally  adopted  by 
the  medical  profession  of  the  civilized  world  as  h  safe  and 
efficient  means  for  the  prevention  or  the  alleviation  and 
cure  of  several  of  our  most  dreaded  diseases.  A  short 
account  of  the  usual  method  of  preparing  the  antitoxin 
of  diphthftria  will,  therefore,  probably  nut   be   uniater- 


In  the  first  place,  it  is  necessuiy  that  the  toxin  of  the 
disease  should  be  produced,  which  is  I'ommonly  done 
by  growing  the   specific  organism   in   [tL-ptune-bouillon. 


Filler  Kit  lemoTlag 


Suld  cultQre-medl&. 


I  When  this  has  attained  a  powerfiil  and  definite  virulence, 
\  as  determined  by  its  effect  on  small  animals  of  known 
I  weight,  the  organisms  are  destroyed  by  some  germicide, 
I  such  as  trikresol,  or  more  commonly  are  removed  by 
I  careful  filtration  from  the  bouillon  which  holds  the 
I'toxia  in  solution.     A  Btnall  quantity,  say  1  c.c,  of  the 
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filtered  bouillon  is  then  injected  into  a  large  animal, 
such  as  the  horse,  which  should  be  in  good  health, 
and  preferably  should  have  been  tested  previously  by 
inoculations  of  tuberculin  and  mallein  to  eliminate  the 
possibility  of  the  presence  of  tuberculosis  or  glanders. 
The  animal  manifests  for  a  few  days  the  disturbances 
peculiar  to  the  disease  in  question  but  usually  in  a  minor 
degree,  since  the  dose  was  pur})oscly  quite  small  in  pro- 
portion to  its  weight;  as  soon  as  recovery  is  evident 
another  inoculation  of  an  increased  dose  is  made,  and  so 
on  until  ex{)eriment  shows  that  the  animal  can  withstand 
practically  an  unlimited  quantity  of  the  toxic  bouillon,  and 
certainly  an  amount  which  would  have  been  quickly  fatal 
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Roux  aseptic  hypodermic  syringe  for  administering  antitoxin. 

before  the  first  inoculation.  This  is  evidence  that  the  anti- 
toxin has  been  produced  and  that  it  exists  in  approxi- 
mately sufficient  degree  in  the.  blood-serum.  A  quantity 
of  blood  is  then  drawn  with  the  strictest  antiseptic  precau- 
tions into  sterile  flasks  from  the  jugular  or  other  large 
vein  of  the  animal,  the  latter  returne<l  to  its  quarters,  and 
the  blood  set  aside  in  a  cool  place  to  coagulate.  This 
done,  the  clear  serum  containing  the  antitoxin  is  drawn 
off  and  to  it  is  addtnl  a  small  quantity  of  trikresol  or 
other  harmless  preservative. 

It  is  now  necessary'  to  determine  the  strength  of  the 
serum.  The  fatal  dose  of  toxin  for  guinea-pigs  is  readily 
found  by  experiment.  Behring  therefore  suggested  in 
the  case  of  diphtheria  antitoxin  that  the  immunizing  unit 
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be  takes  to  be  1  c.c  of  a  Berum  of  whicli  0.1  c.c.  would 
prevent  cedema  and  death  in  guinea-pigs  when  injected 
simultaueously  with  10  times  the  fat^l  du^  of  the  toxin. 
In  other  words,  the  immunizing  unit  was  to  be  sufficient 
to  overcome  100  times  the  amount  of  the  tuxin  required 
to  kill  a  guinea-pig. 

The  antitoxin  serums  now  atlministered  are,  however, 
much  stronger  than  tliis  nonniil  serum  of  Behring's,  10 
c.c,  the  amonnt  usually  injected,  being  equivalent  to 
fnira  600  to  2500  or  even  more  immunizing  units,  the 
weaker  strength  being  u.scd  fur  immunizing  those  who 
have  not  as  yet  incurred  the  disease.  Much  dejtends 
upon  the  early  use  of  the  specific  antitoxin  in  eases  of 
diphtheria,  and  probably  also  in  the  other  di^ieases  for 
which  this  method  of  treatment  will  be  found  valuable. 
It  is  not  to  be  supposed  that  the  remedy  lias  any  power 
to  repair  the  oi^nic  lesions  winch  have  been  caused 
by  the  aotion  of  the  powerful  toxins.  Tliat  the  antitoxin 
treatment  is  invaluable  cannot  be  doubted.  The  statistics 
of  Prof.  Welch,  of  Johns  Hopkins  Hospital,  founded 
on  a  very  large  number  of  diphtheria  cases,  "show  an 
apparent  reduction  of  case-mortality  of  55.8  per  cent.," 
and  where  the  application  was  made  in  the  first  three 
days  of  the  disease  the  mortality  was  only  8.5  per  cent. 
in  over  1100  cases  as  against  a  mortality  of  30  per  cent, 
or  higher  under  former  methods  of  treatment.  Another 
interesting  re[>ort  is  that  of  the  Chicago  Department  of 
Health  for  1896.  In  that  city  in  that  year  there  were 
2436  cases  of  true  diphtheria  verified  bacteriologically. 
The  antitoxin  was  administered  to  2302  of  these,  with  a 
resultant  mortality  of  only  6.56  per  cent.,  or  151  deaths. 

I  Moreover,  2016  other  persons  exposed  to  the  disease  were 
inocalated  with  the  antitoxin  iu  order  to  immunize  them, 
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and  of  these,  only  14  &ul)sequently  contracted  the  malady, 
and  none  died.  Further  comment  seems  unneoessary,  but 
the  statistics  of  the  United  States  Census  already  quoted, 
showing  a  reduction  of  practically  one-half  in  the  death- 
rate  from  this  disease  in  the  last  decade,  viz.,  from  70.1  to 
35.4  per  100,000  in  over  one-third  the  population  of  the 
whole  country,  is  even  more  striking,  especially  as  the  gain 
must  be  attributed  almost  entirely  to  the  adoption  and  use 
of  the  antitoxin.  The  results  have  been  so  positive,  the 
advance  so  pn)gressive,  and  any  changes  in  the  previous 
methods  of  trinitment  of  the  disease  so  slight  as  to  pre- 
clude the  possibility  of  doubt  as  to  the  wisdom  of  employ- 
ing it  both  as  a  remedy  and  as  a  prophylactic. 

The  immunity  secunxl  by  the  use  of  an  antitoxin  is 
almost  inimeiHato,  an  advantage  often  of  the  greatest 
importance ;  but  since  it  is  past^ive,  the  antitoxin  having 
been  developed  outside  of  the  pi^rson  protecteil,  it  is  more 
or  less  transient,  and  the  inoculation  must  be  repeated  at 
intervals,  or  when  danger  of  new  infection  is  imminent. 
The  same  remarks  apply  to  the  use  of  (inthnicrobin^  the 
product  resulting  from  the  gradual  introduction  of  the 
bodies  of  the  bacteria  rather  than  their  toxins  into 
susceptible  and  suitable  animals.  This  gives  rather  a 
bacteriolytic  form  of  immunity,  and  thus  far  is  not  so 
satisfactory  as  that  due  to  antitoxin. 

On  the  other  hand,  immunity  tliat  is  acquired  actively, 
either  by  accident  or  by  deliberate  experiment,  is  slower 
in  developing,  but  much  more  likely  to  be  permanent.  It 
is  a  result,  as  we  know,  of  most  of  the  spontaneous  infec- 
tious diseases,  though  its  duration  in  some  cases  is  briefer 
than  we  desire.  It  may  also  be  secured  by  prophyldctie 
infection  or  by  prophylactic  intoxication.  In  the  former 
we  may  use  virulent  infective  matter  in  much  reduced 
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doses  or  quantities,  if  possible ;  or  belter  and  mure  safc-Iy 
te  fur  as  man  is  eoncorDed,  some  form  of  attoniiatetl  virus 
may  be  employed,  the  infecting  matter  having  been  modi- 
fied by  development  in  animals  of  another  species,  by 
heat,  light,  drying,  electricity,  growth  in  unfavorable 
media,  etc.  As  an  illustration,  we  have  the  modem  vac- 
cine virus  derived  from  the  cow  which  has  entirely  eup- 
plaotcd  the  former  direct  inoculation  of  matter  from  the 
human  patient.  As  for  prophylactic  intoxication,  we  may 
either  the  dead  bixiiea  of  the  infectious  bacteria,  as 
has  been  done  by  Haffkine  in  his  work  against  plague  and 
cholera,  or  the  products  of  the  organisms  derived  from 
artificial  cultures,  aa  indicated  iu  describing  the  produc- 
tion of  antitoxin.  Various  factors,  some  still  unsettled, 
must  determine  the  advisability  of  the  use  in  a  given  case 
of  one  or  another  of  the  above  methods ;  but  it  must  be 
remembered  in  regard  to  actively  acquired  immunity,  that 
not  only  is  it  at  times  too  slow  in  development  to  be  of 
value  after  infection  has  occurred,  but  also  that  "  the 
introduction  of  toxins  or  bacterial  proteids  after  the 
onset  of  the  disease  may  be  not  merely  useless,  but 
actually  harmful  by  adding  to  the  sum  total  of  toxic 
iDat«rial  against  which  the  tissues  struggle," 

Nevertheless,  experience  will  continue  to  show  that 
whether  one  or  all  of  these  methods  of  securing  immunity 
may  be  employed  or  whether  others  by  which  the  body 
protects  itself  may  be  discovered,  sanitation  and  a  con- 
dition of  perfect  health  throughout  the  system  are  of  the 
utmost  importance  in  warding  off  attacks  of  or  securing 

imunity  from  any  of  the  pathogenic  organisms,  and  in 
'^thstanding  their  ravages  sliould  disease  be  incurred. 
A  sound  body  therefore  is  a  most  vitally  active  and  not 

iply  a  passive  agent  for  the  prevention  of  such  diseases. 


CHAPTER    III. 


THE  ATMOSPIIEBE-AIR. 


The  composition  of  the  atmosphere  suiTonndiiig  1 
oarlh   is   rcnmrkably   iinifonn.     It   is  ]>ractically  alw 
the  game  everywIiLTO  jHXtvided  no  oljstacle  be  iiiteq^ 
to  the  action  of  tlia'je  natural  forces  liy  which  this  u 
formity  is  maintained.     This  atmosphere  is  estimated  i 
be  almnt  forty  miles  in  depth,  ami  its  weight-pressor^a 
of  which  we  have  a  visible  manifestation  in  tlie  action  o 
the  barometer,  upon  the  total  surface  of  the  adult  humai 
body  is  equivalent  to  that  of  about  fourteen  tona. 
considerable  variation  in  this  pressure  may  give  r 
disturbances  of  health  more  or  less  serious,  sucli  s 
cardiac  derangements  and  "  mountain   siekness "  e: 
eitced  by  strangers  visiting  high  altitudes,  or  the  "caisa 
disease"  of  those  who  work  in  a  compressed  atmosphei 
In  fact,  it  is  not  improbable  that  some  of  the  vague  dis 
turbanccs  of  eomfort  to  which  a  large  class  of  persons  are 
subject  during  changes  of  the  weatlier  will  hereafl«r  be 
found  to  be  due  to  the  variations  in  this  pressure  whicJM 
are  constantly  occurring  ever^'where.  fl 

The  average  comptisition  of  the  air  in  its  normal  statM 
is  about  as  Pillows:  oxygen.  20,96jier  cent,  by  voltime; 
nitrogen  and  argon,  79^per  cent. ;  carbon  ditiside,  0.04 
per  cent. ;  aiiiieoiis  vapor,  varying  in  amount  with  thet« 
perature  and  other  conditions ;  a  trace  of  ammonia,  a 
veriableamouut  of  ozone,  organic  matter,  s 
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The  variation  in  the  percentage  of  oxygen  may  be  from 
20.87  in  towus  tu  2U.98  in  pure  mouot^iin  uir  or  far  out  at 
sea ;  in  tbe  percentage  of  carbon  dioxide,  from  0.05  to 
0.02.  So  far  as  we  know  at  present,  the  nitrogen  variation 
is  almost  infinitesimal.  The  air  is  a  aiecbanirail,  mtf  a 
chemical  mixture,  and  there  is  always  some  change  taking 
plaoe  in  tbe  pnipurtiuii:^  of  the  various  constituents. 
However,  the  mixture  is  maintained  in  its  wonderful  uni- 
formity by  the  interdependent  actionof^pJaJitajuid. ani- 
qmIii,.au(i_lj^the__diffuiiiuiio£-gasfs,  the  law  of  which  is 
that  "  a  ga^  expands  into  a  space  in  which  there  is  another 
gas  as  freely  and  as  rapidly  as  if  there  were  a  vacuum." 
Though  this  agency,  like  the  other,  is  continually  operat- 
ing, its  results  are  greatly  facilitated  by  adventitious  air- 
currenta  and  by  the  application  of  heat.  When  a  gas  is 
thus  diffused,  it  will  not  separate  again  from  the  others 
under  ordinary  circumstances. 

Oxygen  is  the  most  important  of  the  above  constituents. 
It  supports  all  animal  life;  oxidizes,  deatroya.  anJ.rcndcra 
harmless  oi^nic  impurities,  and .bygxygenatjog  the  blood 
and  oxidizing  the  food  for  our  tissues  gives  heat  and 
the  vital  source  of  all  our  thoughts  and  actions. 

le  supply  to  the  atmosphere  is  constantly  maintained  by 
the  hipher  plant-Ufe.  wliich  decomposes  carbon  dioxide 
snd  gives  off  oxygen  to  the  air.  In  man  the  greatest 
limit  of  life  withont  osVEen_QEjiif_ig_abont  _fyur  muiiites- 
A  decrease  in  the  proportion  of  oxygen  in  the  air  does 
not  manifest  itself  by  untoward  symptoms  until  there  is 
^^tlmn  13  per  cent,  by  volume;  then  as  it  falls  lower 
and  lower  the  respirations  become  slower,  deeper,  and 
jnore  difficult,  less  oxygen  is  absorbed  by  the  blood,  and 
there  follow  dyspnipa,  asphyxia,  and  death.  This  may 
occur  within  a  short  time  when  the  percentage  goes  below 
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8  per  cent,,  and  fatal  asphyxia  superveoea  very  rapidly 
when  there  is  as  little  as  3  [wr  uent.  of  oxygen. 

The  main  fiuictiun  of  the  nitrogen  of  the  atmoaphcre 
Bccms  to  bo  to  act_as  a  jljl'ient  _and_lu  prevent  the  too 
energetic  action  of  th^jjsjgen.  We  know  now,  however, 
that  by  the  aid  of  certain  bacteria  at  least  one  family  of 
plants — tlie  leguminosfe — is  able  to  take  nitrogen  almost 
directly  from  the  air  and  to  store  it  for  animal  use  in 
the  form  of  proteida.  The  ammonia  ever  present  in  the 
air  is  also  a  source  of  nitrogen  fiiod  for  some  plants. 

The  giiseous  element  argon,  recently  discovered  by 
Lord  Rayleigli  and  Prof.  Ramsay,  comprises  about  1  per 
cent,  of  what  has  heretofore  been  considered  atmospheric 
nitrogen.  Thus  far  little  is  known  concerning  it  except 
that  its  atomic  weight  is  probably  somewhat  leas  than  40, 
its  density  alwut  20,  and  that  it  is  very  inert,  though 
Bertliciot  has  succeedeti  in  making  it  combine  with  nas- 
cent vapors  of  benzene  under  the  influence  of  an  elec- 
trical dii5cbai^e.  That  it  is  a  constant  component  of  the 
atmosphere  for  some  definite  purpose  is  more  than  prob- 
able, but  what  this  purpose  may  be  is  as  yet  unknown. 

The  carbon  dioxide'  present  in  the  atmosphere  is  of  joo 
dirgctuse  to  animals,  but  is_^enHal  to  the  support  of 
vegetable  life,  furnishing  part  of  the  carbon  necessary  for 
the  formation  of  the  carbohydrates  and  proteids,  which  are, 
next  to  water,  the  main  constituents  of  plants.  The  pro- 
portion of  carbon  dioxide  in  the  out-door  air  varies  some- 
what  from  time  to  timcj  owing  to  the  changing  conditions. 
It  is  washed  out  of  the  air  by  rain,  and  there  is  therefore  leas 
after  a  heavy  storm  ;  plants  absorb  it  by  day,  and  some  give 
off  a  slight  quantity  by  niglit ;  the  strata  of  the  atmaspherc 
Brbanic  anhydride  -^  CO^ 
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nrar  the  ground  receive  an  excess  of  it  from  the  soil-air; 
it  ie  a  constant  prtxhict  of  coiiibustiou  and  of  tlie  decom- 
position of  organic  matter  by  sapropLjiiic  Iiacteria,  etc 
Though  heavier  than  air,  it  ia  comparatively  evenly 
distributed  through  the  atmosphere  by  the  force  of  diflb- 
sion. 

The_nyaiia]_£roporti  ouis_  the  atmosphere  varies_froDi 
0.02  per  cent,  to  0;Q5.  4Jer__cent.,  but  ^e  jna^__lilke-tUe 
^erage~to  Be  about  0.04  percent.  Should,  however,  any 
importanTTSts  of  tlTe  amount  in-doors  be  required,  the 
percenti^  in  the  out-door  air  at  that  particular  time  and 
place  should  also  be  determined  for  the  sake  of  accuracy. 
Within  the  limits  just  given  the  carbon  dioside  cannot  be 
considered  as  an  impurity  of  the  atmosphere,  for  it  is  ever 
present  in  the  air,  and  is  as  necessary  to  plant-life  as 
oxygen  is  to  animals.  It  is  derived  from  the  combus- 
tion of  carfaonaceoua  materials,  from  tlie  exhalntifjus  and 
racretjons  of  animals  and  men,  and,  as  was  indicated,  in 
lai^  measure  frgni  tlie.  action  of  the  saprophytic  bacteria 
and  also  of  the  budding  fimgi  upon  organic  matter. 
Moreover,  any  excess  above  the  normal  percentage  as 
pven  is  to  Im3  regarded  not  so  much  as  an  impurity  as  an 
indication  that  certain  processes  are  at  work,  which  by 
their  other  products,  may  make  the  air  impure  and  unsafe 
for  human  use. 

The  amount  of  aqueous  vapor  in  the  atmosphere  varies 
from  tijie  to  tfme  b«ause  the  factors  governing  it — c^n- 
^nsation  and  j?vaj>oration — are  continuously  in  action, 
I'Uiese  depeudiiig,  of  course,  mainly  upon  the  continual 
I  variations  in  temperature.  Tliere  is  probably  never  a 
I  perfectly  dry  air  unless  it  is  made  so  artificially,  and 
L  precipitation  occurs  the  moment  eomjdete  saturation  is 
I  reached.     The   mnge  of  relative   humidity   is   probably 
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fn.iiii  HO  to  100  pcr^(*nt.j_.tl|iH  l>eing  eq^uivalent,  according 
to  tlie  teuilieratiire,  to  awatgr-wwU'iit  of  from  l_to_12_or 
14  graiua  to  the  cubic  foot  of  air.  Tlic  most  satisfactory 
proportion  for  health  has  not  been  ex  |»eri  men  tally  deter- 
mined, but  is  generally jwjasideced.  to  be  from ,.65^ tg_75 
^ccejit._^hen  jh^tcniper^ture  ia-jnoderatg.' 

In  tlie  oatnioor  air  there  ia  at  least  a  trace  of  ammonia 
either  free  or  combined,  n  email  amount  of  the  Baits  of 
Bodium  (especially  near  the  sea)  and  of  other  metals, 
anil  a  trace  of  organic  matter.  Tliis  last  is  part  of  the 
animal  and  vegetable  d^liris  of  the  earth ;  wheii  above 
a  trace,  it  is  to  be  treated  as  an  impurity,  as  should  any 
excess  of  ammonia. 

Minute  particles  of  innumerable  sulwtances  are  being 
constantly  thrown  off  into  the  atmosphere,  and  it  is 
only  the  unceasing  action  of  nature's  purifying  powers 
that  keeps  the  proportion  within  the  limits  of  safety  to 
the  human  race.  Solidjarticles,  lifted  up  by  the  winda, 
fall  b)  the  earth  again,  or,  inorganic,  are  partiiiUy  oxi- 
di^Ki  and  decompOBed  by  flie  oxygen  and  ozone.  The 
^scs  are  diluted  and  diffused  so  as  to  Ije  no  longer  harm- 
ful, or  lire  decomposed,  or  are  waslie<l  back  to  the  earth 
by  rain  or  snow.  The  great  volume  of  carlwn  dioxide  is 
kept  \*ithiii  Imunds  by  the  action  of  the  vegetable  world. 
The  uatunil  pjirificrs  of _tjifi_ atmosphere,  therefore,  are 
tlie  force  of  gravity^  diffuaioo,  _dilutionT)yItIie  air  iteelf, 
winds,  oxidation,  rain,  and, the  action  of  plattt'^He.; 
I  and  so  exactly  are  these  adjusted  to  their  work  that 
I  never,  wlien  they  have  fair  opjwrtuuity  to  act,  does  the 


•  When  the  tomperature  ia  iipwanl  of  90°  F.  &  humidity  of  bat  little 
er  70  per  cent,  maj  be  very  an  com  for  table  ami  depressini;  if  lh«  Bir  If 
II  and  cTapomtion  t^oni  thu  hudy  surface  thus  impediid.  A  broeN 
lke«  evoa  a  higher  bumidity  loss  noticoablo. 
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I  composition  of  the  air  vary  much  from  the  normal  for 
any  great  length  of  time, 

^jmjjurities  in  the  ntniosphorc  tiiat  are  espcciaUy 

L  (IeIet«rioii!J  iiitiiiencc  upon  health  mBy_)>G 

>  follows:    1.  Suspended  matters.     2.  Gaseous 

Li-gas«>iis  aulwlancoa,  including:    3,  Those^pe- 

ciaily_due  to  respiratory,  combustion,  and  decompositiMi 

,  pfoceases,  and  which  are  partieulariy  liable  to  contaminate 

tlie  air  of  dwellings  or  inhabited  apartments. 

The  most  important  suspended  matters  are  ^sand,  duBt, 

aoot,    pollen    of    various  plants,    micro-organisms   of  all 

kinds,  particles  of  epithelia   and   other  excreta   thrown 

off  from   animal   IxHlies,   and    finely  divided   sul^tancea 

clmracleriaticjjf  certiun  trades  or  industries.     These  may 

do  harm  by  clogging  the  air-vesieles  of  the  lungs  and 

thus  obstructing  respiration,  though  it  is  doubtful  whether 

their  action  is  ever   only   so   mild  or  simple ;   by  their 

irritant   action  upon  ihe^  respiratory  passages ;  by  being 

I  m  themselves  poisonous  or  hostile  to  tlte  system,  or  as  in 

I  the  case  of  raicnt-organisms  by_the  influtaicc  they  have 

I  in  the  ^iir^ation  of  disease.     Btsease  germs  may  lodge  in 

f  the  respiratory  passages  and  do  harm,  or  niay  be  swal- 

[■  lowed  and  so  cause  maladies,  such  as  t}i)hoid  fever  or 

I  cholera,  which  primarily  affect  the  digestive  tract. 

It  is,  however,  questionable  wlietlier  pithogeinc  organ- 
isms, especially  the  bacteria,   are  commonly  to  be  found 
Siiiooiated  from  other  substances  floating  in  the  air.     Ex- 
periments by  Comet  and  others  seem  to  show  that  such 
microbes  are  more  apt  to  be  adherent  to  dust  particles, 
I  particularly  those  of  organic  nature,  and  it  is  probable 
[that  free  bacteria  in   the  out-door  atmosphere  could  not 
I  king  maintain  their  vitality  deprived  of  nutriment  and 
['<nip06ed   to   the   action  of  light   and   oxygen.     Besides, 


)  quickly  reduced  in  numbers  in  proportion 
to  uiiy  considerable  volume  of  air  that  the  occasions 
luiist  be  rare  indeed  when  they  could  thus  cnuse  disease. 
In-doors,  especially  where  ventilation  is  neglected,  the  case 
is  different,  and  there  is  no  doubt  that  the  air  frequently 
beanuea  the  carrier  of  dangerous  patlir^ns. 

We  must  also  make  a  distinction  as  to  whether  the 
other  HO  iTiTrni  purl  ties  are  found  in  the  out-<loor  air  orjn 
enclosed  spaces ;  and  if  in  the  latter,  whether  in  bealthfnl 
dwellings^  in  sick-rooma  and  liospitalw,  or  in  wnrksliops 
and  factories.  Out-of-doors,  dust,  sand,  tiwit,  pollen,  waste 
dirt  from  dwellings,  street  refuse,  and  the  remains  of 
plant  and  animal  life  will  predominate  ;  in-dours  the  par- 
ticles will  be  more  limited  in  variety,  but  not  in  impor- 
tance. Among  them  will  be  epithelial  and  other  cells, 
possibly  pus-corpuscles,  hair,  bits  of  clothing,  ftxKl,  etc. 
One  may  also  find  arsenical  or  other  poisonous  dust 
from  wall-paper  or  paint.  In  sick-rooms  and  hospitals 
there  will  probably  be  pus-cells,  mycelia,  bacteria,  etc. 
Millii,  factories,  and  mines  have  their  special  atmospheres 
laden  with  particles  peculiar  to  the  occujMtion,  which  in 
many  cases  have  a  marked  effect  for  harm  on  the  health 
of  the  workers. 

The  gaseous  and  semi-gaseous  impurities  of  most  im- 
portance are   those    resulting    from    human   respiration 
id  cutaneous   exhalations,  products  of  combustion,  pe- 
iliar  giises  in  sewer-air  or  soil-air,  or^nic  emanaUons 
id   vapors    from    decomposing    animal    and   vegetable 
tter,  and  the  volatile  substances  that  characterize  the 
atmospheres  In  and  about  gas-works,  factories, 
and  other  places  of  various  indnstries.     Chemically,  tiiey 
inay  \w.  elasstlied  as  the  various  compounds  of  carbon  and 
of  sulphur  with  oxygen  and  liydn^n,  and  a,s  ammonia 
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com  pounds,  vulatilized 


irala  anil  miperul.add^  awI 
li^astous  matters  of  oi^nic  nature 


many  gaseous 

but  inilet«rminate  comixisition. 

loasmucli  as  certain  of  these  impurities,  viz.,  human 
exhalations,  combustion-proJucts,  and  not  infrequently 
the  so-called  sewer-gas,  are  particularly  liable  to  be  found 
together  aa  contaminant;)  of  the  atmosphere  of  inhabited 
rooms  and  dwellings,  it  will  l>e  advisable  to  consider  them 
in  a  class  by  themselves,  and  to  study  their  effect  upon 
health  both  collectively  and  singly. 

The  volatile  excreta  from  the  lungs  and  skin  are  carbon 
ide,  aqueous  vapor,  and  a  considerable  amount  of 
ious  oi^nic  matter,  to  which  the  term  "crowd- 
sometimes  given.  As  products  of  combustion 
irom~tlie  ordinary  lighting  and  heating  apparatus  of 
dwellFngs  ive  may  have  curlxin  dioxide,  carbon  monoxide, 
sulphur  dioxide,  ammonia  (with  possibly  its  sulphide), 
and  a<]^ueous  vapi>r.  Of  sewer-gaa  and  soil-air  we  shall 
speak  later. 

Carbon  dioxide,  contrary  to  the  general  opinion,  cannot 
be  said  to  l)u  directly  harmfid  to  health  iu  the  propor- 
tions ui  whicli  it  is  likely  to  be  found  in  any  dwelling 
or  inlmbiled  apartment.  Although  present  to  the  ex- 
tent of  not  more  than  0.05  [)cr  cent,  in  normal  out-door 
s  experiments  indicate  that  both  men  and 
animals  may  inhale  much  larger  proiwrtions  than  this 
without  apparent  harm  proNnded  the  percentage  of  oxygen 
in  the  air  be  maintained  at  or  above  the  normal ;  an 
increase  of  the  carbon  dioxide  from  other  sonrces  than 
respiration  and  combustion  seems  to  have  no  appreciable 
effect  upon  the  system  nntil  it  reaches  more  than  2 
per  cent.,  and  men  work  daily  in  atmospheres  con- 
taining almost  this  amount  as  a  result  of  their  peculiar 
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occupations.  Dyspnoea  does  not  l>egin  to  occur,  and  tlien 
only  in  some,  until  the  percentage  goes  above  3  or  4. 
In  quantities  above  these  figures  there  is  much  difference 
of  opinion  as  to  the  effect  of  the  gas  upon  the  human 
economy,  and  the  writer  is  not  aware  that  it  has  ever 
been  determined  just  what  |)ercentage  is  fatal.  Parkes 
states  the  lethal  proportion  to  be  from  5  to  10  per 
cent.;  while  another  authority  states  that  animals  may 
be  kept  for  a  long  time  in  an  atmosj)here  in  which 
there  is  a  high  percentage  of  carlwn  dioxide  provided 
the  percentage  of  oxygen  be  increased  at  the  same  time. 
Hime  says  that  "  it  may  be  assumed  that  10  or  20  per 
per  cent,  is  a  dangerous  amount " ;  ^  but  Wilson*  shows 
that  air  having  from  25  to  30  |ht  cent,  may  be  inhaled 
with  impunity.  It  is  to  be  understood  that  the  above 
percentages  are  all  by  volume. 

According  to  his  weight,  an  adult  man  at  rest  absorbs 
from  15  to  18  (Uibic  feet  of  oxygen  and  exhales  from 
12  to  14  cubic  feet  of  carbon  dioxide  in  twenty-four 
hours.  Keichert^  savs  :  "  The  amount  of  O  varies  from 
600  to  1200  grammes  (15  to  30  cubic  feet)  per  diem, 
and  that  of  CO^  from  700  to  1400  gnimmes  (12.5  to  25 
cubic  feet)  —  approximate  averages  being  about  750 
grammes  of  O  and  875  grammes  of  COg."  The  mini- 
mum excretion  may  therefore  fairly  be  taken  to  be 
about  0.7  cubic  foot  of  carl)on  dioxide  for  adult  men 
and  0.6  cubic  foot  for  women,  or  for  each  person  of 
a  mixed  assemblage.  Now  it  is  evident  that  it  would 
require  many  hours  before  a  room  of,  say,  1000  cubic  feet 
capacity  would  lose  sufficient  oxygen  or  gain  sufficient 

*  Stevenson  and  Murphy,  vol.  i.,  p.  915. 
'American  Journal  of  Pharmacy,  1893,  p.  5()1. 
'  American  Text-book  of  Physiology,  p.  536. 
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oarlHiu  dioxide  owing  tn  the  i>resen«;  id  it  of  a  ^ 
adult  occupant  to  produce  even  the  slightest  apt«rent 
harmful  results,  even  though  iugress  of  fresh  air  were 
prevcnteJ;  and  yet  experience  tells  us  that  the  atmos- 
phere of  such  ii  mom  will  l)eeome  extwedingly  foul  and 
actually  detrimental  to  health  long  befi)re  the  lapse  of  time 
necessary  to  exhale  sufficient  carbon  dioxide  to  indiiee 
aerious  effects.  Moreover,  carbon  dioxide  ie  odorless, 
while  the  air  of  inhabited,  unventilated  rooms  is  char- 
aeterized  by  a  decidedly  offensive  smell  that  remains 
for  some  time  even  after  adequate  ventilation  has  been 
secured  and  ^vhen  chemical  te:<t8  show  the  percentage 
of  airbon  dioxide  to  have  been  reduced  to  nearly  the 
normal.  "The  chemical  analyses  of  the  air  of  over- 
crowded rooms,  and  the  experiments  upon  animals  made 
by  many  investigators,  indicate  that  the  evil  effects  ol>- 
aerved  are  probably  not  due  to  the  comparatively  small 
proportions  of  carbonic  acid  usually  found  under  such  cir- 
The  proportion  of  increase  of  COj  and 
of  diminution  of  oxygen  whieh  has  been  found  to  exist  in 
badly  ventilated  churches,  schools,  theatres,  etc.,  ia  not 
sufficiently  great  to  account  satisfactorily  for  the  great  dis- 
comfort which  such  conditions  produce  in  many  persons, 
and  there  is  no  evidence  that  such  au  amount  of  change 
in  the  normal  proportion  of  these  gases  has  any  influence 
upon  the  increase  of  disease  and  death-rates  which  statisti- 
cal evidence  has  shown  to  exist  among  persons  living  in 
crowded  and  unventilated  rooms."'  Therefore,  it  must 
be  something  other  than  carbon  dioxide  that  danger- 
ously pollutes  the  air  of  dwellings  and  necessitates  the 

Tbo  Cumpwitlon  of  Expired  Air  and  ita  EITect  upon  Aniaml  Liru." 
Mitcbell.  Bitliti^  nud  Bergu)-,  No.  9S9,  vol.  xiLx.,  SlulthaaiiiSQ  ContTihu- 
HouH  to  Knowledge. 
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provision  of  some  syateni  of  ventilatiou.  However,  with 
our  present  knowledge  wc  ainDot  Bay  that  a  (iiminution 
of  oxygen  and  an  increase  of  carbon  dioxide  in  the  at- 
mosphere wliioh  one  breathes  habitually  do  not  tt^nd  to 
lower  the  general  tone  and  perhaps  the  bactericidal  powers 
of  the  body,  and  tlius  to  render  it  more  susceptible  to 
deleterious  influences;  and  there  is  some  evidence  that 
as  the  carlxin  dioxide  in  the  atmosphere  increase;*  tliere  is 
a  lessening  of  the  amount  of  this  gas  cjccreted  from  the 
body;  so  that  on  general  principles  it  will  always  be 
wiser  to  use  every  reasonable  means  to  maintain  the  nor- 
mal proportion  of  the  various  gases  in  the  atmosphere. 
Moreover,  the  fact  that  tuberculous  patients  usually  im- 
prove if  they  live  continuously  out  of  doors  would  indi- 
cate that  the  full  quota  of  oxygen  in  the  air  is  essential  lo 
the  best  interests  of  health. 

Aqueous  vapor  is  another  of  the  substances  excreted 
continually  from  btjth  the  lungs  and  the  skin ;  but  it  is 
obvious  that  in  itself  it  cannot  be  directly  harmiul  to  the 
system,  for  we  find  it  ever  present  in  all  natural  atmos- 
pheres, and  are  continually  replacing  by  imbibition  its  loss 
from  our  bodies.  The  quantity  daily  thrown  off  from 
the  lungs  and  skin  will  depend  on  the  temperature  and 
humidity  of  the  atmosphere,  the  quantity  of  air  inspired 
md  water  imbibed,  and  many  other  factors ;  but  under 
iinar}'  conditions  the  average  exeretion  will  be  from 
0  to  1 700  grammes  (about  3.5  to  60  fluidonnces),  though 
reused  exertion  might  cause  even  the  latter  amount  to 
«  greatly  exceede^l.  It  is  accordingly  possible  that  this 
*rge  quantity  of  moisture,  tending  to  saturate  an  atmos- 
jAere  already  humid,  might  act  indirectly  upon  the  .system 
oy  preventing  evaponttiou  from  the  skin,  and  thus  refiexly 
rfiecking  the  excretion  of  the  waste  matters  by  the  sweat- 
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^nda,  the  retention  of  these  wastes  in  the  system  prob- 
ably lielping  to  prwtuce  the  depression,  lieadache,  and 
other  symptoms  experienced  by  those  breathing  foul  air. 
It  has  been  noticed  that  these  symptoms  due  to  foul  air 
are  more  readily  manifested  when  the  temperature  of  the 
atmoF^phere  is  much  below  or  much  above  the  usual  room- 
tempenitare  of  65°  to  70°  F.  At  low  temperatures  the 
air  in  readily  saturated,  and  beside,  tlie  excreting  action 
of  the  skin  is  much  lih^sened  by  the  cold ;  at  high  tempera- 
tures the  humidity  is  often  already  near  the  saturation- 
point,  while  the  external  lieat  tends  to  increase  the  tjiian- 
tity  of  water  given  off  by  the  lungs  and  skin.  "At  high 
temperatures  the  respiratory  centres  are  alfectcd  where 
evaporation  from  the  skin  and  mucous  surfaces  is  checked 
by  the  air  being  saturated  with  moisture — at  low  tempera- 
tores  the  consumption  of  oxygen  increases  and  the  demand 
for  it  becomes  more  urgent." '  At  70°  F.  the  aqueous  ex- 
halation from  an  adult  l>ody  would  in  an  hour  or  less  com- 
pletely satunite  from  350  to  600  cubic  feet  of  air  having 
the  not  unusual  relative  humidity  of  76  per  cent.,  while 
at  80°  F.  an  eqnal  or  even  greater  volume  of  air  would 
doubtless  gain  its  maximum  of  moisture  from  the  increase 
of  perspiration  due  to  tiic  extra  heat.  Moreover,  as  evajio- 
ration  of  the  perspiration  is  one  of  the  most  important 
means  for  maintaining  the  balance  between  heat-production 
and  heat-dissipation,  interference  with  this  process  naturally 
tends  to  raise  rapidly  the  body-tempei-ature  and  produce 
tiie  consequent  effects  upon  its  nervous  mechanism. 

The  third  contaminant  given  to  the  air  from  human 
bodies  is  an  indefinite  volume  of  offensive  oi^nic 
natter,  and  for  a  time  this  has  been  lookctl  upon  as  by 
ftr  the  most  harmful  part  of  animal  exhalations.  But 
1  Mitchell,  Billings,  tui(l  Bergcy,  loc.  cit. 


80  THE  ATMOSBHERE-AIR. 

recently  experiments  by  variougi  investigators  have  seemed 
to  indicate  that  this  organic  effluvium  is  not  so  dangerous 
&s  it  has  hitherto  been  considered,  and  that  part  at 
least  of  the  symptoms  due  to  air  vitiated  by  respira- 
tion is  to  be  attributed  to  the  conditions  already  men- 
tioned, viz.,  a  decrease  of  oxygen  and  an  increase  of 
carbon  dioxide,  heat,  and  moisture.  It  is  also  doubtful 
whether  much,  if  any,  of  this  organic  matter  comes  from 
the  lungs  of  healthy  persons.  "  In  ordinary  quiet  respira- 
tion no  bacteria,  epithelial  scales,  or  particles  of  dead 
tissue  are  containe<l  in  the  expired  air.  .  .  .  The  cause  of 
unpleasant,  musty  odors  in  rooms  may  in  |)art  be  due  to 
volatile  products  of  decomposition  from  decayed  teeth, 
foul  mouths,  or  disorders  of  the  digestive  apparatus,  and 
in  part  to  volatile  fatty  acids  given  off  with  or  produced 
from  the  excretions  of  the  skin,  and  from  clothing  soiled 
with  such  excretions."  ^  However,  whatever  may  be  the 
exact  source  of  this  contamination,  we  know  this  concern- 
ing it — that  it  is  decidedly  offensive  to  the  sense  of  smell, 
that  it  is  organic  and  nitrogenous,  yielding  ammonia,  dark- 
ening sulphuric  acid,  decolorizing  potassium  permanganate, 
and  rendering  offensive  pure  water  through  which  the 
vitiated  air  has  been  drawn.  Moreover,  it  must  in  fair- 
ness be  stated  that  in  spite  of  the  later  experiments  it  has 
seemed  to  such  careful  investigators  as  Brown-S6quard, 
d'Arsonval,  Merkel,  and  others  to  be  directly  poisonous  to 
lower  animals.  In  general,  it  is  given  off  proportionately 
with  the  carbon  dioxide  from  the  body,  though  this  rule  is 
not  infallible ;  it  is  apt  to  be  unevenly  distributed  through- 
out the  atmosphere  of  the  apartment,  and  is  probably 
therefore  not  truly  gaseous,  but  more  like  an  impalpable 
dust ;  it  oxidizes  but  slowly,  being  evident  for  some  time 

^  Mitchell,  Billings,  and  Bergey,  loc.  cit. 
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after  fresh  air  lias  been  admitted  and  the  carbon  dioxide 
has  been  reduced  ahnost  t<>  the  normal,  and,  while  neither 
condensed  nor  dissolved  in  the  aqueous  vapor  from  the 
body,  it  13  especially  attracted  and  retained  by  hygroscopic 
substances  such  as  wool,  pnper,  feathers,  etc.  Its  smell 
is  generally  ]>erceptible  when  the  reapiralBry  carl»on  dioxide 
reaches  0.03  or  0.04  per  cent.,  sometimes  before  this  poiut 
is  reached,  especially  in  sick-rooms  or  hospital  wards,  and 
is  decidedly  ofifensive  when  the  total  carbon  dioxide  ap- 
proaches 0,1   per  cent. 

The  most  imjtortant  of  the  impurities  'resulting  from 
the  combustion  of  coal,  the  principal  fuel  substance  u.sed 
in  tpwua  and  cities,  are  soot  and  tarry  matters  (to  the  ex- 
tent of  about  1  per  cent,  of  the  coal  consnmed),  carbon 
monoxide  and  dioxide,  aiiui.'ous  vap<ir,  and  mure  or  less 
ammonium  sidphide,  carbon  disulphide,  hydrogen  sul- 
phide, sulphur,  sulphur  dioxide,  and  sulphuric  acid.  The 
relative  amounts  of  the  oxides  of  carbon — as  well  as 
of  the  other  ga-ses — will  depend  upon  the  perfection  of 
combustion ;  "  but  it  has  been  calculated  that  for  eveiy 
ton  of  coal  burnt  in  London  something  like  three  tons  of 
carbon  dioxide  are  produced,"  and  as  the  coal  consump- 
tion of  that  city  is  over  30,000  tons  per  diem,  we  can 
readily  see  that  its  atmosphere  must  receive  the  enormous 
daily  contamination  of  about  300  tons  of  soot  and  90,000 
tons  of  carbonic  acid.  No  wonder  they  have  an  ocva- 
nonal  fog  there  I 

The  combustion-protlucLs  of  wood  are  in  the  main 
cariwn  monoxide  and  dioxide,  and  water,  while  those 
of  coke  and  of  gas  are  practically  the  same  as  those  of 
coal.  From  the  lieating  ap]»aratus,  if  properly  con- 
Htructed  and  arranged,  these  products  pass  almost  directly 
to  the  exterior  of  dwellings   and   arc  rapidly  dissipated 
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in  spile  of  their  excessive  volume,  for  "  diffusion  and  tbe 
ever-nioviDg  air  rapidlv  purify  the  atmoephere  fn>m  carhon 
diuxidc,"  and  lu  fart  from  the  other  com  bust  luii-prtMluetii 
also,  with  the  exception  of  the  suot  and  tarry  productu. 

Should,  however,  cvmbustion  be  incomplete,  or  should 
the  stoves  or  other  heating  apparatus  be  imperfect,  the 
my  seriously  or  even  dangerously  contamiuiite  the 
hnusc-air,  the  deadly  rarbon  monoxide  being  particularly 
liable  to  leak  nut  onlv  through  the  crevices,  but  actually 
through  the  hented  cast-iron  plates,  etc,  of  stoves  and 
furnaces.  Theoretically,  a  pound  of  coal  requires  160 
cubic  feet  of  air  for  its  perfect  ixinibiistion,  but  actually 
from  one-half  to  a>i  much  more  must  be  supplied  to  the 
ordinary  heating  apparatus  to  secure  complete  oxidation 
of  the  fuel. 

Practically  all  the  devices  for   artificial    illuminatinn, 

with  the  excejition  of  the  incandescent  electric  light,  give 

off  directly  to  the  surrounding  air  combustion-producis 

wliich   are   much    the    same    as    those    from    coal,   and 

this  contamination   is   consequently  a  positive  factor   in 

the   vitiation   of  in-door    air,      "  Every   cubic    foot  of 

coal-gas   yields,  on   combustion,    roughly,  half   its   own 

volume,  or  0.62  cubic  foot,  of  carlMin  dioxide,  and  1.34 

ctibic  foot  of  water  vapor,"  besides   some  little  carbon 

mom>xide  when  ordinary  burners  are  used.     "Speaking 

^^^^      generally,  it  may  be  said  that  each  cubic  foot  of  gas  burnt 

^^^^L   per  hour  from  the  ordinarv'  hiinicrs  vitiates  as  much  ^r 

^^^^^as  would  be  rendered  impure  by  the  respiration  of  an  in- 

^^^^Bdividuol ;  it  at  the  same  time  will  raise  the  tempemture 

^^^•of  31,290  cubic  feet  of  air  1   degree  F..  and  yields  217 

^^m     *  calories  (a  kilogramme  of  water  heikted  1  degree  C.)  or  860 

^^f     _  ^tish  heat-units  (a  pound  of  water  heated  1  dq^ree  F.)."' 

^H      I  I  Mutter  sod  Firtb,  Trc*li><«  on  Hygiene,  p.  140. 
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But  inasmucli  ns  the  products  of  combuatioa  are  nuper- 
faeated,  they  rise  at  once  tn  the  top  of  tlie  room  and,  for 
the  most  part,  quickly  escape  to  the  outer  air  through  tlie 
coinbiued  iufluence  of  n^ative  gravity  and  difiusion ;  so 
tbat  comparatively  little  air  is  ULt-ded  tu  dilute  the  small 
prujMirtion  of  such  producte  that  eveiituully  cool  and  fall 
to  the  breathing-level. 

The   following  table'  shows  tlie  influence  of  various 
lighting  agents  with  respect  to  the  condition  of  die  nnim- 


Frora  this  table  it  will  be  learned  that  the  incandea- 
eent  electric  light  is  the  most  satisfactory  from  a  hygienic 
point  of  view,  and  there  h  no  doubt  that  its  very  general 
otroduction  has  done  much  toward  obviating  a  constant 

>  Notter  and  Firth,  Tnntise  on  Hygiene,  p.  141. 
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source  of  vitiation,  especially  in  nx>m8  which  roqi 
much  artificial  light,  and  ai'e  at  the  sumo  time  di 
cult  to  ventilate.  It  is  said  that  in  a  bank  in  LiODd< 
in  whieh  several  hundred  persons  are  employed, 
ahsencca  on  acctuint  of  illnesa  have  been  so  far  red 
apparently  by  tlie  introduction  of  the  incandestient  eleotrifti 
light  alone,  that  the  extra  labor  gained  has  more  than 
compt-nsatwl  for  the  increased  cost  of  lighting.  The 
electric  arc  light  is  said  to  form  nitric  acid ;  but  even 
BO,  its  effects  are  not  so  harmful  as  are  those  of  the  prod- 
ucts of  combustion  of  the  ordinary  caudle,  lamp,  or 
gas-jet. 

Next  to  the  incandescent  electric  light  in  impoi 
are  the  Welsbach  and  Siemens  gas-lights ;  but  of  ^ese 
latter  has  not  tlie  illuminating  power,  nor  is  it  so  well 
adapted  to  house  use  as  is  the  former.  Tlie  Welsbaeh 
light  makes  use  of  tlie  Bunsen  flame  (iu  wliich,  by  the 
way,  ttie  carbon  of  the  gaseous  fuel  is  completely  consumed 
and  converted  into  carbon  dioxide)  to  render  iuoinJcscent 
a  non -combustible  mantle  or  network,  composed  of  vege- 
table fibre  saturated  with  the  oxides  of  certain  metals 
which  have  the  property  of  becoming  intensely  luminous 
when  sufficiently  licuted.  It  gives  a  white  light  of  great 
illuminating  and  considerable  actinic  power,  and  of  prAO^j 
tically  unvarying  intensity.  In  fact,  this  qnali^  of 
steadineaR,  in  which  it  surpasses  evea  tlie  incandescent 
electric  light,  is  by  no  means  the  least  of  its  hygienic 
advantages,  Bince  such  steadiness  is  an  iuipiirtant  &ctor 
in  the  conservation  of  the  eyesight. 

Recently  hydrocarbon  (gasoline)  lamps,  making  tue 
incandescent  mantle    similar  to  the  Welsbaeh,   ha' 
been  placed  on  the  market,  and  are  said  tt  he  safe  and 
iiom  odor  or  danger  of  explosion.     If  these  claims 
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r  TOBtained,  such  lamjis  are  of  value,  since  they  furnish  a 
powerful  and  steady  incandescent  light  at  very  low  cost. 

A  comparatively  new  illuminant,  not  mentioned  in  the 
foregoing  table,  is  acetylene  gas.  This  gives  a  very  white 
and  powerfully  actinic  light,  and,  on  account  of  ease  of 


r  production  and  tlie  small  amount  needed  for  ordinary 
)  lighting,  is  cheap  and  doi'S  nnl  greatly  vitiate  the  atmoa- 
L  phcre.  But  a  mixture  with  air  in  pnipitrlions  of  from 
1,4  lo  25  per  cent,  is  highly  explosive,  and  consequently 
I'&e  gtis  is  not  yet  much  used  for  interior  lighting. 
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Bewer-gaB  and  Soil-air. — Wliat  is  commonly  calledl 
sewer-gus  is  a  mixture  oi'  a  numbi'r  of  gases,  such  as  cap-  \ 
boD  (lioxidt.-,  uirburetuni  liydrogcu,  ammuuium  aud  hytln 
gen  aulphifie,  nitrogen,  etc.,  t«^tlier  with  a  cunsiderabl 
amount  of  fetiti  organic  matters,  the  volatile  or  &era 
volatile  products  of  animal  and  vegetable  deeom posit ionj 
varying  according  to  the  condition  of  the  sewer, 
kind  of  matter  received  therein,  the  auiuuiit  of  surface 
water,  etc.  The  air  from  a  closed  cesspool  may  be  ex4 
tremely  foul  and  poisonous,  so  much  so  that  the  ( 
tiong  have  not  infrequently  caused  death  in  those  wh< 
iniialed  them  in  full  concentration ;  on  the  other  liand,  the 
atmosphere  of  a  properly  constructed  and  well-flushed 
sewer  may  be  almost  as  pure  as  that  above  the  surface  of 
the  ground.  Bacteria  ore  present  in  varying  numbras, 
with  the  possibility  of  some  of  them  being  the  germs  of 
specific  diseases.  But  fresh  sewage  is  not  so  likely  to 
contaminate  tlie  air  above  it  with  microbes  as  that  in 
which  decomposition  has  bt^un,  since  Frankland  has 
shown  that  solid  or  liquid  particles  arc  not  liable  to  be 
scattered  into  the  air  by  any  disturbance  to  which  the 
sewage  may  be  subjected  until  gases  of  decomposition 
are  produced.  Acconling  to  some  writers,  the  buntting 
of  bubbles  of  gas  on  the  surface  may  <lisohai^  the  bac- 
teria into  the  sewer-air.  It  has  also  l>een  shown  that 
"bacteria  can  undouhteiily  grow  up  the  sides  or  walls  of 
damp,  nutrient  sewers,  and  if  these  latter  Ivecoroe  at  all 
dry,  air  currents  readily  detach  and  dis))erse  them."  It 
I,  however,  questionable  whether  many  disease  germs  can 
I  withstand  the  natural  antagonism  of  the  saprophytic  bno- 
[  teria  that  predominate  in  sewage  and  on  sewer  walls. 

Another  class  of  impurities  that  may  at  times  be  found 
I  in  the  aiv  of  dwellings  comprises  those  coming  from  the 
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soil  and  soil-air.  The  ««/,  in  hygiene,  refers  to  all  that 
portion  of  the  earth's  crust  that  can  in  any  way  afiect  the 
heulth.  All  soils  contain  more  or  les^  air — soft  sandstooBB 
fn>ra  20  to  40  per  cent.,  loose  sands  from  40  to  50  per 
cent.,  and  loose  soils  often  verj'  much  i 

As  the  soil  is  the  recipient  of  most  of  the  solid  and 
liquid  waste  of  all  animal  and  vegetable  life,  and  as  the 
myriads  of  saprophytic  bacteria  that  inhabit  iti^  up[>cr 
stmta  are  constantly  working  to  convert  this  dead  organic 
matter  into  simpler  compounds  suited  to  the  nourishment 
of  plant-life,  the  soil-air,  taiiiiig  the  atmosphere  above  as 
a  standard,  will  usually  be  far  I'rom  pure.'  It  is  rich  in 
carbon  dioxide  and  in  organic  vapors  and  gases,  while  the 
proportion  of  oxygen  is  probably  always  less  than  that  of 
the  air  above  ground.  Moreover,  the  carbon  dioxide  in- 
creases and  tlie  oxygen  decreases  the  deeper  below  the 
surface  the  sample  is  taken.  As  much  of  the  carbon  di- 
oxide is  evidently  deri%'ed  from  organicpollutioos,  it  might 
be  supposed  that  this  gas  could  be  taken  as  an  index  of 
the  degree  of  tlie  latter,  and  so  it  might  if  other  conditions, 
Bucb  as  permeability  of  soil,  rate  of  circulation,  etc,  were 
always  the  same.  Bnt  they  are  not,  and  the  composition 
of  the  Boil-nir  is  practically  not  the  same  at  any  two  places, 
nor  for  the  same  place  at  ditfcrent  times.  The  under- 
ground air  is  constantly  in  circulation,  even  to  a  consider- 
able depth ;  hut  there  is  n  hindrance  to  its  free  movement 
and  diffusibility,  and  this,  together  with  the  great  variation 
in  the  distrilmtion  of  oxidizable  and  other  wmtaminating 
matters,  causes   the  variations  in  its  composition.     The 


■Toomncb  Irnporlancootnnotbiiattrihntpdto  this  saprophytic  net  ion 
I   In  the  Dpper  mil.  for  it  ia  cine  of  nature's  wonderful  mnthmls  of  fMinriag 
Mid  conaerrinK  not  only  the  pority  of  onr  eiiTironiuent,  but  also  tha 
I  feipeRiktiou  of  orgauic  life. 


88  THE  ATMOSPHERE— AIR. 

carbon  dioxide,  therefore,  cannot  be  taken  as  an  index 
of  the  relative  purity. 

The  forces  that  maintain  the  circuhition  of  the  ground- 
air  are  the  wind,  the  daily  change  of  surface  temperature, 
the  fall  of  rain,  and  especially  in  winter  the  local  and  arti- 
ficial conditions  of  civilization.  A  very  slight  wind  will 
drive  air  through  the  soil  for  long  distances,  the  rise  and 
fall  of  the  ground-water  has  its  obvious  effect,  and  the 
movement  due  even  to  slight  changes  of  temperature  is 
likely  to  be  quite  extensive  and  positive. 

Owing  to  evaporation  from  the  ground-water,  the  soil- 
air  is  always  quite  humid,  and,  according  to  some  writers, 
may  also  be  laden  with  bacteria  and  other  very  light 
substances  lifted  up  by  the  ascensional  power  of  evajx)- 
ration. 

As  sewage,  house-wastes,  and  dirt  of  all  kinds  are  par- 
ticularly liable  to  contaminate  the  soil  about  any  inhabited 
dwelling,  the  air  of  that  soil  will  more  than  likely  1x3 
very  impure,  and  care  must  be  taken  that  it  is  not  drawn 
into  the  house.  This  is  especially  apt  to  hapi>en  in  cold 
weather,  when  house-fires  are  lighted  and  the  in-door  air 
is  thus  made  warmer  than  that  without,  the  tendency  then 
being  for  the  soil-air  to  pass,  if  possible,  through  the  cellar 
walls  and  floors.  These  should  be  made  as  nearly  air-tight 
as  poasible,  and  special  attention  should  be  given  to  the 
space  underneath  and  about  the  furnaces  or  basement 
heating  apparatus.  As  an  instance  of  the  importance  of 
these  precautions,  Hime  *  gives  an  account  of  the  death 
of  four  persons.  Enough  illuminating-  (coal-)  gas  was 
drawn  from  a  broken  pipe  fifteen  feet  distant  from  the 
foundation  walls  of  the  dwelling  to  cause  the  fatality,  al- 
though there  were  only  eight  or  ten   inches  of  tramj)ed 

*  Stevenson  and  Wnrphy,  Treatise  on  Hygiene,  vol.  i.,  p.  949. 
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[  earth  above  the  pipe  and  the  only  aspirating  force  was  the 
'  difference  of  teJiipcratiire  within  and  without  the  house. 
A  number  of  explosions  have  occurred  due  to  a  siiuihu- 
leuknge  of  gaa  from  street  mains  tlirough  basement  walls 
or  into  drains  and  si'wers,  since  the  admixture  of  illunii- 
nuling-^as  with  air  forms  a  moat  powerful  and  dangerous 
explosive. 

There  is  no  direct  evidence  that  the  emanations  from 
bone-yards,  soap- factories,  garbiige-incincratora,  etc.,  are 
actually  harmful  to  health  ;  but  they  may  be  very  decided 
nuisances  to  tliose  living  near  by,  and  all  such  places 
slioiild  be  strictly  controlled  by  the  proper  sanitary 
authorities. 

The  atmosphere  of  mines  and  otlief  excavations  is  sub- 
ject to  contamination  by  the  excess  of  carbon  dioxide  in 
I  the  soil-air,  by  g-ascs  from  blasting  agents  and  from  fta- 
I  Bures  in  rock,  and  by  the  products  of  respiralion  from 
men  and  animals  working  in  the  mines,  etc.     The  air  in 
the  holds  of  ships  is  also  likely  to  be  foul  owing  to  the 
difficulty  of  changing  it  snffioiently  often,  and  frequently 
l-aleo  to  the  insanitary  character  of  cai^pes.    In  such  situa- 
I  tions  proper  ventilation  shonld  be  secured  by  all  means 
I  available,  and  special  care  taken  that  the  impure  air  does 
I  not  affect  the  lalwrers  in  the  one  case  or  the  passengers 
1  and  crew  in  the  other. 

Diseases  Caused  by  Impure  Air. — As  a  rule,  the 
human  system  has  the  [xiwrr  of  accommodating  itself, 
through    hiibit,   (o   withstand    influences   which,    in   one 

Ecustometl  to  them,  would  .soon  prodnce  serious  re- 
But  in  spite  of  this,  if  the  body  be  exposed  for 
lonaiderable  length  of  time  t<t  conditions  of  impurity 
■terioration  in  its  supply  of  air,  water,  or  food,  such 
itions  will   always   ten<l   to   undermine   health   and 


I 
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increajse  the  susceptibility  to  disease,  even  tJhougli  they 
ouuse  uo  more  serious  results.  "  Statistical  inquiries  ou 
tuurtality  prove  beyond  a  doubt  that  of  tlie  cainies  of 
death  which  are  usually  iu  action,  impurity  of  the  air  is 
most  important.  No  one  who  has  paid  any  attention  to 
the  condition  of  health  and  the  recovery  from  disease  of 
those  persons  who  fall  under  his  observation,  can  doubt 
that  impurity  of  the  air  marvellously  affects  the  first,  and 
intlucucGs  and  Bometimes  even  regulates  the  second. 
.  ,  .  The  air  may  ufi'ect  health  by  variations  in  the 
amount  or  conditions  of  its  normal  constituents,  by  dif- 
ferences in  physical  properties,  or  by  the  prftsenee  nf 
impurities.  Wliile  the  immense  effect  of  impure  air  can- 
not be  for  a  moment  doubted,  it  is  not  always  easy  to 
assign  to  each  impurity  its  <]cfinite  action.  The  evideuo« 
of  injury  to  health  frtim  impure  air  are  found  in  a  larger 
proportion  of  ill  health — ('.  e.,  of  days  lost  from  sickness 
in  the  year — than  under  other  cireumstanees ;  an  increase 
in  the  severity  of  many  diseases,  which,  thongh  not 
caused,  are  influenced  by  impure  air,  and  a  higher  rate 
of  mortality,  especially  among  children,  whose  delicate 
frames  always  give  ua  the  best  test  of  food  and  air." ' 
The  definite  diseases  caused  by  the  solid  impurities 
j^^  in   the   atmosphere   are   almost    all    snch   as   affect   the 

^^^  respiratory  passage.s  and  organs,  with  the  possible  excep- 
^^^ft  tion  of  those  engendered  by  specific  bacteria  and  other 
^^^1  microbes.  Much  then>fore  depends  upon  the  physical 
^^^1  character  of  the  solid  impurities.  SofV  particles  and  those 
^^^H  with  edges  smooth  an<l  rounded,  like  snot  and  coal-dust, 
^^^ft  may  apparently  do  nothing  more  than  coat  or  clog  the 
^^^^  air-vesicles  and  finer  bronchial  tulies,  and  in  this  vn\y  di- 
^^^^K     minieh  the  area  of  lung  tissue  exposed  to  the  tiis}>ired  air, 

^^^^K  'SUvouaon  niid  Marphf,  vnl.  i.,  \<p.  131  and  l'J3. 
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although  it  is  questionable  whether  any  foreign  matter  in 
the  lungs  docB  not  cause  more  or  less  irritation.  With 
most  of  us,  however,  such  impurities  are  of  little  account  if 
care  be  taken  to  develop  the  full  respiratory  capacity  of  the 
chest;  but  where  the  air  is  heavily  cliai^ed  with  such  (Just 
it  lias  a  positive  effect  upon  health  and  duration  of  life. 
In  1802  Sir  John  Simou  stateil  that  with  one  exception 
the  300,000  (coal)  miners  of  England  and  Wales  break 
down  as  a  class  prematurely  from  br()nchiti8  and  pneu- 
monia, cauacd  by  the  atmosphere  in  which  they  live.  The 
exception  is  important.  The  colliers  of  Durham  and 
Northumberland,  where  the  mines  are  well  ventilafe<l,  do 
not  appear  to  suffer  from  an  excess  of  pulmonary  diseases, 
or  do  HO  in  a  slight  decree  only."  Happily,  since  this  was 
written  satisfactory  ventilation  systems  have  l>een  placed  in 
most  of  the  collieries  of  England,  and  the  condition  of  the 
laborers  corresjwndingly  improved ;  but  coal-miners  are 
still,  as  a  class,  [larticularly  liable  to  bronchitis,  pneu- 
monia, asthma,  emphysema,  and  fibrosis  (fibroid  phthisis), 
ihongh  they  seem  to  be  but  slightly  subject  to  primary 
tulvcrculosis  of  the  lungs  or  other  organs. 

On  the  other  hand,  if  the  particles  of  dust  in  the  air 
are  hard,  angular,  and  sharp,  the  limg  tissues  are  readily 
lacerated,  inflammatory  processes  are  quickly  set  up,  and 
the  opportunity  for  the  inoculation  of  tubercle  bacilli  and 
other  disease  germs  is  very  great.  Tlie  mortality  from 
tubercular  phthisis  among  metal-miners,  needle-cutters, 
eteel-grintlers  and  tool-grinders,  cotlon-apinners,  etc.,  is 
remarkable,  and  they  are  also  especially  subjet^t  to  asthma 
and  emphysema.  Among  Cornish  tin-minors,  68  per  cent, 
of  all  sick  are  consumptive ;  of  needle-makers,  over  60 
per  cent.;  of  flint-cutters,  glass-cutters  and  -polishers,  and 
of  grindstone-makers,  from  80  to  90  per  cent.,  et^?.     It 
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is  said  that  a  mixture  of  miiieml  and  metallic  dust  seems 
to  be  more  harmful  than  metallic  dust  alunc,  perhaps 
b4>caiiBe  of  the  greater  clogging  of  the  air-vesicles  by  the 
ID  ID  era!  mutter. 

Likewise,  witli  other  occupations  where  tliere  is  much 
irritative  du^t  floating  '\a  the  air,  the  effect  upon  the 
health  of  the  worker  is  marked,  and  we  find  lung  troubles 
prevalent  and  many  suffering  and  dying  from  phthisis, 
as,  for  instance,  among  cotton -spinuers,  flax-dressera, 
herajulressere,  pottery- makers,  etc.  Detective  venljla- 
tion,  accumulations  of  noxious  ga.'^es,  improper  habits, 
insufUcicnt  disinfection  of  sputa,  and  of^en  the  excessive 
humidity  of  the  air  necessary  in  some  of  these  pursuits, 
have  doubtless  something  to  do  with  the  high  sick-rates 
and  death-rates ;  but  withal,  the  marked  effect  of  the  solid 
atmospheric  impurities  cannot  be  denied. 

Again,  workers  in  poisonous  metals,  compounds,  op 
gases,  such  as  paint-makers  and  painters,  type-setters, 
gilders  (using  mercury),  brass-founders,  co]ipersmitlis, 
etc,,  are  suliject  to  the  influence  of  the  respective  poisons 
and  the  symptoms  produced  by  them,  with  a  correspond- 
ingly increased  mortality. 

Among  the  diseases  that  may  be  caused  by  the  inhala- 
tion or  swallowing  of  specific  micro-organisms  floating  in 
the  atmosphere  are  erysi|x-tas,  measles,  scarlet  fever,  diph- 
theria, whooping-cnmgh,  infectious  pneumonia,  phthisis  and 
other  fiirms  of  tul>eroulosi3,  and  very  probably  epidemic 
influenza ;  and  although  the  genus  of  cholera  and  typhoid 
fever  are  usually  carried  by  the  drinking-water  or  food, 
they  doubtless  do  sometimes  find  their  way  into  the  sys- 
tem from  a  contaminated  atmosphere.'     Malaria  also  is 

'The  report  of  the  wmtoiBsioti  nptioiiited  to  Inquire  inlo  the  prev^- 
ImeetuiilisiismoftTiihoidreveriu  the  late  SpauLsh-Ainerieati  War  shorn 
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now  pracliailly  pmved  to  be  due  to  a  niiimte  organisir., 
wliioli,  tliotigh  Utiiially  introduced  into  the  human  boilv  in 
another  way,  may  possibly  be  present  in  tlie  air  of  mala- 
rial districts  and  be  carried  long  distanues  thence  by  winds. 

Lastly,  the  spores  of  certain  fungi  which  have  been 
found  in  the  air  of  hospitals  and  elsewhere  are  known  to 
cause  skin  diseiities,  such  as  the  tiueas  and  favus  in  men  ; 
and  it  is  almost  us  ecrtoin  that  the  irritating  or  poisonous 
pollen  of  certain  grasses  and  other  plants  havt  much  to 
do  with  the  causation  or  aggravation  of  maladies  such  as 
hay-fever  or  rose-cold. 

From  what  has  been  said,  it  will  be  surmised  that 
it  is  scarcely  possible  at  present  to  speeify  the  exact  effect 
u^ton  the  health  of  each  of  the  impurities  given  to  the 
air  by  the  human  body,  and  that  the  symptoms  obser\'ed 
to  be  due  to  air  thus  vitiatctl  are  very  probably  an  evi- 
dence and  re^iiilt  of  the  combined  action  of  these  factors 
rather  than  of  any  one  of  them  singly.  However,  the 
writer  feels  that  the  oppre.ssion  so  commonly  cxperieneed 
is  often  fairly  attributible  to  the  increase  in  the  tempera- 
ture and  humidity ;  that  the  headache,  disturbed  nutrition, 
and  febrile  condition,  lasting  for  hours  and  sometimes 
days  after  exposure  to  air  thus  vitiated,  are  either  effects 
of  the  oi^nic  matter  acting  as  a  poisonous  waste  when 
taken  back  again  into  the  system,  or  results  of  the  sup- 
pression of  cutaneous  excretion  dependent  upon  the  high 
oonlfnt  of  moisture  in  the  air ;  and  that  the  respiratory 
carbon  dioxide  by  itself  can  but  rarely  have  much  influ- 
ence upon  comfort  or  health. 

If  the  respiratory  and  cutaneous  viliiition  be  sufficient 

it  In  Kiiiie  (ssca  infevtiDO  wu  probHbly  Hue  ta  the  dust  in  llie  ittoios. 
Ilhen  whicb  had  been  raised  by  mauj  passine  (ert  from  the  roads  over 
irbich  leakiug  sewage  naguns  bad  been  hauled. 
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to  jiroduce  acute  effects,  the  immediate  symptoms  will  be 
discomfort  and  a  sense  of  oppreswion,  followed  by  head- 
ache and  not  rarely  nausea  and  ii  rather  decided  rise  of 
temperature,  all  of  which  may  last  for  some  time  even 
after  the  individual  goes  into  perfectly  pure  air.  Those 
who  habitually  live  in  such  an  atmosphere  are  almost  uni- 
formly luiiguid,  pallid,  and  amemie,  sutiject  to  headaches, 
naiiM'a,  and  loss  of  ap{>etite,  and  ufWn  to  skin  disorders, 
and  are  undoubtedly  markedly  prediisposed  to  phthisis, 
pneumonia,  bronchitis,  scrofula,  rhaohitis,  etc.  Moreover, 
such  an  atmosphere  apparently  favors  the  rapid  spread, 
increases  the  severity  of  and  retards  the  convalescence 
from  such  diseases  as  dijihtheria,  scarlet  fever,  measles, 
typhus,  smallpox,  etc.  This  may  be  due  either  to  the 
accumulation  or  to  the  actual  multiplication  by  growth 
of  the  disease  germs  in  the  foul  air,  or  to  the  vitiated 
atmosphere  causing  a  decrease  of  bodily  resistance  and  an 
increase  in  predis)x>sition  to  such  maladies. 

When  the  proportion  of  impurities  is  very  gn^at,  the 
results  may  be  serious  and  even  fatal,  as  in  the  well- 
known  cases  of  the  "  Black  Hole  of  Calcutta " ;  of  the 
prison  in  which  300  captives  of  war  were  cmwded  after 
the  battle  nf  Austerlitz  (260  dying  very  soon  after  being 
I)liiced  therein) ;  and  of  the  steamer  "  Londonderry,"  in 
which,  of  200  steerage  passengers  who  were  temjiorarily 
crowded  into  a  cabin  (18x11X7  feet)  during  a  storm  of 
only  a  few  hours'  duration,  72  were  Head  and  others  dying 
when  the  cabin  was  opened  :  but  in  these  Instances  the 
lack  of  oxvgen  may  have  also  been  a  very  im(>ortant  factor 
in  the  results. 

As  regards  the  influence  of  combustion-products  on 
health,  it  will  suffice  to  detail  the  :*ymptonis  resulting 
from  inhalation  of  the  various  gases.     It  will  be  diffloult 
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to  show  that  these  gases,  together  witli  the  couiculent  aoot, 
have  any  geoeral  effect  upon  healtli  when  escaping  into  the 
oiil-door  atmiisphere,  even  when  pnxluced  in  such  enor- 
I  mniis  quantities  in  cities  as  bus  beeu  already  indicated. 
It  is  possible  that  the  sulphur  dioxide  and  other  sulphur 
[  gases  might  predispose  to  or  aggravate  attacks  ot"  bron- 
kohitls  or  asthma  in  those  living  in  the  vicinity  of  gas- 
I  works,  chemical  factories,  etc.,  but  too  little  comes  from 
I  the  chimneys  of  dwelling-houses  to  do  much,  if  any,  harm. 
In-doora  the  case  is  different,  for  the  gases  from  lights 
I  and  fires  become  more  and  more  concentrated  as  the  vcn- 
I  tilation  is  insufBcicnt,      The  possible  effects  of  varying 
I  percentages  of  carbon  dioxide  have  beeji  noted.    We  have 
>  no  evidence  of  cases  of  chronic  iH>isoning  by  this  gas, 
although,  as  Purkes  says  :  "  The  presence  of  a  very  large 
amount  of  COj  in  the  air  may  lessen  itii  elimination  from 
the  lungs,  and  thus  retain  the  gas  in  the  blooti,  and  thus  in 
time  possibly  produce  serious  alterations  in  nutrition." 
In  cases  of  acute  poisoning  by  tliis  gas — i.  (.,  where  it 
k  b  in  great  excess  in  the  atmosphere — there  is  an  almost 
Vimmediate  loss  of  muscular  power,  and  the  person  may 
I  consequently  lie  unable  to  remove  himself  frora  the  place 
I  «f  danger,  while  others  who  go  to  heJp  him  may  also  suc- 
[  cumb  and  more  than  one  be  asphyxiated.     Acconlingly, 
volunteer  rescuers  should  always  remember  to  act  with 
coolness  and  great  rapidity,  and  to  provide  means  for  the 
I  prompt  removal  not  only  of  the  ones  they  would  save,  but 
I  of  tliemselves  as  well.     Fortunately,  when  one  who  has 
been  overcome  by  carbon  dioxide  is  brought  into  an  atmos- 
phere of  pure  air  before  life  is  extinct  and  is  aided  by 
artificial  respiration,  he  usually  recovers  quickly  and  oom- 
_    pletely  because  of  the  rapid  escape  of  the  excess  of  the 
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oxygon.  Death  from  carlxin  dioxide  poisoning  is  proV  J 
ably  niainly  due  to  asphyxia,  jKirtly  from  lack  of  oxygen  I 
and  partly  from  paralysis  of  the  respiratory  mnscles,  of  I 
wliich  the  latter,  us  well  us  the  general  motor  palsy,  would! 
seem  to  indioite  that  the  gas  itself  hud  also  a  positive! 
phyfiiolf^ic  and  toxic  effect  upon  the  nerve-centres. 

Cases  of  poisoning  by  carbon  monoxide  are  much  more  I 
serious.  Recovery  from  its  effects  is  slow  and  uncertuiHf  I 
because  this  gas  unites  with  tlit.'  hemoglobin  of  the  red  1 
blood-corpuscles,  paralyzing  them  us  it  were,  and  render-  I 
iug  them  unable  longer  to  act  as  oxygen-carriers  to  the  J 
tissues ;  while  the  union  of  carbon  dioxide  with  the  blood  1 
is  always  a  much  more  unstable  one  and  readily  dissolved  I 
as  soon  as  interchange  with  a  normal  atmasphere  is  avail- J 
able.  Less  than  0.5  jier  cent,  of  carbon  monoxide  in  the  a 
has  caused  symptoms  nf  poisoning,  and  more  than  2  or  3  per  I 
cent,  is  fatal  to  animals.  "  It  appears  that  the  gas,  voliunsa 
for  volume,  completely  replaces  the  oxygen  in  the  bloody  I 
and  cannot  again  be  displaced  by  oxygen,  bo  that  the  pet^l 
son  dies  asphyxiated ;  but  Pokrowsky  has  shown  that  it:fl 
may  be  gradually  converted  into  carbon  dioxide  and  bftj 
got  rid  of." 

The  sjnnptoms  of  carbonoiis  oxide  (monoxide)  poisoning 
are  feebleness,  oppressed  breathing,  trembling,  and  ina- 
bility to  swallow ;  then  "  loss  of  consciousness,  destruction 
of  reflex  action,  and  finally  paralysis  of  the  heart."   "  Hirt  J 
snys  that  at  high  temperatures  (25°  to  32°  C.^=77°  \Ol\ 
90°  F.)  it  proiluces  convulsions,  but  not  at  low  tempem- 

K'  to  12°  C.  =  46°  to  54°  F.)."  The  blood  and 
jre  made  a  brilliant  red  by  this  gas ;  darkened  by 
ioxide.  Claude  Bernard  says  that  a  mixt4ire  of 
ses  is  more  destructive  than  either  separately, 
because  the  excess  of  the   acid  gas  interferes 
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with  conversion  of  Uie  monoxide  to  tlie  diuxide  in  the 
blow!,  as  was  aliown  by  Pokroweky. 

Illuminating-  or  coal-gas — composed  of  Iiydrogen,  light 
and  heavy  carburettt^  hydrogais,  a  little  nitrogeti,  and 
carbon  dioxide,  and  from  6  h)  7  per  cent.,  or  even  more, 
of  carbon  monoxide — rapidly  causes,  when  inhaled, 
^ddiness,  headache,  nausea  and  vomiting  ('?),  coniui^ion 
,0f  intellect,  loss  of  conBciouanetiS,  general  weakness  and 
depression,  partial  paralysis,  convulsions,  and  the  usual 
symptoms  of  asphyxia.  Mixed  in  large  proportions  with 
the  air,  death  may  ensue  comparatively  quickly,  probably 
because  of  llie  large  content  of  carbon  monoxide.  It  is 
Well  to  remember  that  the  so-called  water-gas,  now  so 
[tensively  manufactured  for  fuel  purjjoses  and  also  for 
diluting  coal^s,  contains  a  much  larger  percentage  of 
carbon  monoxide  (sometimes  from  30  to  40  per  cent.) 
tban  coal-gas,  and  that  the  effects  resulting  from  inhala- 
tion of  a  mixture  of  the  two  will  in  alt  likelihood  be 
more  marked,  more  rapid,  and  more  deadly  than  with 
nndilnted  coal^as. 

The  efiecta  of  constantly  inhaling  the  products  of  gas 
'tximbustion  may  \>e  seen  in  the  case  of  workmen  whose 
shops  are  dark  and  who  are  cfimjKjUed  to  burn  gas  during 
a  lai^  part  of  the  day ;  the  pallor,  or  even  aniemia  and 
general  want  of  tone,  which  such  men  show,  are  owing 
to  the  constant  inhalation  of  an  atmosphere  so  impure." 

Sulphurous  acid  gaa  (SO,)  and  hydrogen  sulphide  (H^) 
i*re  each  fatal  to  life,  the  latter  when  in  a  compara- 
ittvely  concentrated  state;  but  they  are  offensive  to  the 
flenses  and  thus  give  warning  of  their  presence,  so  that 
[)&«re  ia  less  danger  of  tlieir  causing  serious  results.  Men 
accustom  themselves  to  much  lai^r  proportions  of 
l^drogen  sulphide  in  the  atmo^phere  than  can  animal.a. 
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but  cuiitioiietl  exposure  to  it  in  liable  ti>  give  rise  to  ver- 
tigc),  licadochu,  i^^low  aud  weak  pulse,  sweating,  aud  loss 
of  strength. 

When  sewer^;as  or  soil-air  escapes  into  the  outer  air 
they  are  usually  soon  dilut«^  Ijeyoiid  power  for  harm; 
but  if  either  gains  access  to  closed  rooms  or  uoventilated 
dwellings,  its  effects  upon  tlie  inmates  are  depressing  and 
decidedly  harmful.  In  either  case,  concentration  of  the 
impurities  may  cause  acute  symptoms,  such  as  vomiting, 
purging,  severe  headache  and  jtrostration ;  and  either 
soiUnir  or  sewer-gas  may  possibly  at  times  carry  the  germs 
of  infectious  diseases.  Their  influence,  however,  is  usually 
insidious,  owing  to  dilution  with  the  house-air;  and  the 
more  common  symptoms  will  probably  be  [wllor,  languor, 
fmpient  headache,  loss  of  appetite,  diarrhcea,  itu]>aired 
health,  and  often  chronic  anieinia.  Children  especially 
suffer  in  nutrition,  aud  with  them  febrile  attacks  may  be 
frecpient ;  but  with  all,  the  power  of  resisting  such  dis- 
eases as  typhoid  fever,  diphtheria,  etc.,  is  lessened  and  the 
susceptibility  to  them  is  increased,  the  sickness  more  severe, 
and  the  convalescence  more  prolonged.  Indeed,  sewer-gas 
and  soil-air  probably  aggravate  all  diseases. 

In  this  connection  Alessi  has  show^n  that  when  small 
animals,  such  as  rabbits,  rats,  and  guinea-pigs,  have  been 
exposed  to  sewer-air  for  some  days,  by  far  the  larger 
majority  when  inoculated  witli  only  a  small  quantity  of 
a  slightly  virulent  typhoid  culture  contract  the  disease  and 
die,  while  almost  none  of  tliose  treate<l  similarly  in  every 
way  excepting  by  the  exposure  to  sewer-air  succumb.  He 
also  showed  that  the  inoeidations  were  more  deadly  when 
the  pre\-ious  exjwsure  to  the  noxious  gas  had  been  less 
than  two  weeks  than  when  it  exceeded  that  period,  indi- 
cating that  animals,  as  well  as  persons  accustomed  to  such 
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I  0011  tarn i nation,  are  not  apt  to  uiauift«t  llie  symptums  due  to 
I  it  so  rapidly  or  so  seriously  as  are  tliosc  who  ex[K!rienw;  it 
■  for  the  first  time — a  (act  well  known  to  all  observers.  It 
[  IB  only  fair  to  say  tlmt  these  experiments  of  Alessi  have 

apparently  been  controverted  by  other  observers ;  but, 
I  whichever  may  be  correct,  the  truth  of  the  following 
I  quotation  doubtless  still  holds  good  : 

"  There  is  undoubtedly  a  poisonous  agency  at  work 
I  wlien  sewei^^as  is  inhaled,  which,  though  it  may  not 
'  directly  act,  yet  so  prepares  the  soil  that  the  system  is 

unable  to  resist  the  invading  oi^anism  when  it  cornea." ' 
'  Nuttct  uad  Firtb,  p,  1&9. 


CHAPTER    rV. 

VEirriLATION  AND  HEATING. 

As  we  are  not  usually  able  to  destroy  the  ioipurities 
of  the  atmosphere  witliiii  our  dwellings  as  fast  as  tliey 
are  produced,  we  have  reeourse  to  ventilation  as  a  means 
for  their  dilution  and  prompt  removal.  We  must  not 
think,  however,  that  we  do  all  that  is  necessary  if  wc  only 
renew  the  in-door  air,  for  unless  the  source  and  supply 
from  which  we  take  that  which  is  to  replace  or  dilute  the 
vitiated  air  lie  pure  and  clean,  any  system  of  ventilation 
which  we  may  adopt  will  be  of  little  value. 

External  ventilatioQ  of  buildings,  streets,  and  cities 
is  of  impirtance,  thee,  as  well  as  that  which  relates  only 
to  the  interior  of  dwellings,  workshops,  and  places  of 
assembly.  Numerous  investigations  and  statistics,  both 
here  aud  abroad,  show  that  "  tlie  health  of  a  town  lar^ly 
depends  upi>n  the  width  of  the  streets,  the  general  height 
of  the  buildings,  and  the  amount  of  yard-space  at  the  rear 
of  each  which  separates  it  from  its  opposite  neighbor." 
It  is  also  difiicult  to  overestimate  the  value  of  wide  streets, 
numerous  diagonal  ones  and  irequent  parks  or  open  spaces, 
especially  in  the  more  tliickly  inhabited  portions  of  a  city, 
In  this  connection  wc  may  refer  with  advantage  to  some 
work  of  Dr.  H.  S.  Anders,  of  Philadelphia,  in  which  he 
shows  that "  the  number  of  deaths  from  phthisis  on  a  very 
wide  street  is  proportionately  small  compared  with  those  on 
almost  any  one  narrow  street,"  and  "  that  there  ii 
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and  generally  a  high  mortality-rate  from  consumption 
odsuciated  with  street  narruwiiess  in  not  a  small  piirt  at 
Philadelphia,  and  that  the  relation  between  a  high  mor- 
tality and  narrow  streets  is  a  positive  and  vital  one." 
His  statistics,  covering  a  period  of  fifteen  years,  show  that 
in  one  city  ward,  certainly  favored  as  to  location,  the 
ratio  of  deaths  from  phthi^s  per  square  or  block  on  streets 
over  to  those  on  streets  under  forty  feet  in  width  was 
appiuximately  as  3  is  to  5. 

As  n^rds  internal  ventilat^ion,  it  will  be  well  to  deter- 
mine at  the  ontspt  tlie  meaning  and  limitations  of  the 
term.  Parkea  says ;  "  It  will  be  desirable  to  restrict  the 
term  ventilation  to  the  removal  or  dihition,  by  a  supply 
of  pure  air,  of  the  pulmonary  and  cutaneous  exhalations 
of  men,  and  of  tlie  pruduets  of  cumhustioii  of  lights  in 
ordinary  dwellings,  to  whieli  must  be  added,  in  hospitals, 
the  additional  effluvia  which  proceed  from  the  persons 
and  discharges  of  tiie  sick.  All  other  canses  of  impurity 
of  air  ought  to  be  excluded  by  cleanliness,  proper  removal 
of  solid  or  liquid  excreta,  and  attention  to  the  conditions 
snrrounding  dwellings,"  With  the  function  of  ventilation 
thus  liniileil,  it  will  not  be  necessary  to  make  provision 
for  such  an  abundant  supply  of  pure  air  as  might  other- 
wise seem  advisable.  It  is  evident  also  that  the  purity 
of  in-<loor  air  must  almost  always  be  relative  and  not 
absolute,  especially  in  a  climate  like  ours,  which  for  a 
considerable  portion  of  the  year  necessitates  warming  of 
the  air  and  some  consequent  economy  in  its  use. 

It  seems  strange  that  attention  has  not  been  given  to 
the  possibility  of  purifying  n  vitiated  atmosphere  by  meant 
of  fire  rather  than  by  the  removal  or  dilution  of  the  im- 
parities, especially  as  we  so  often  employ  heat  as  an  agent 
to  destroy  or  alter  tlie  harmful  qualities  of  other  substances 
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intimately  concerneJ  with  our  welfare.  The  objection 
that  Riaiiy  would  ofier  at  first  thought  to  sui-h  a  plau  \s 
that  tire  would  roh  the  air  of  all  or  most  of  its  osjgeu, 
but  a  little  calculation  aud  cuusideratioQ  will  show  that 
this  ia  by  do  means  a  neuesisary  result,  and  that  a  {>n>per 
apparatus  might  actually  cousume  but  comparatively  little 
of  this  gas  and  give  off  hut  little  carbon  dioxide  as  a  com- 
hustioit-pruduct  to  the  atmosphere.  So  far  as  the  writer 
knows,  but  one  devicf  on  the  market  has  this  function 
professedly  embodied  in  it,  and  it  apparently  does  what  is 
claimed  for  it  in  this  respect.  The  possibilities  of  the 
suggestion  invite  further  investigation. 

To  discover  the  ([uautity  of  air  desirable  aud  consistent 

with  the  requirements  of  good  ventilation  and  the  main- 

tcnance  of  health,  two  factors  must  be  determined :   («) 

the  extent  to  which  tlie  air  of  a  room  is  contaminated  in 

a  pven  time  by  the  impurity  it  receives,  and   (i)  the 

limit  of  permisaibk  impuriiy  beyond  which  Uiere  will  be  a 

possible  risk  or  detriment  to  health.     In  accordance  with 

the  alx>vp-mentioned  limitations  of  Parkes,  the  coutamin- 

ating   substances  will   usually  be   comparatively  few  in 

number,  but  the  same  factors  are  to  be  sought  in  the  case 

of  any  detrimental  substances  in  the  atmosphere  at  any 

time,  provided  their  source  or  cause  cannot  be  directly 

removed. 

Although  it  is  extremely  difficult  to  determine  qiiantt- 

i  tatively  tlie  organic  mutter  given  off  by  human  oxhala- 

I  tion  in  any  given  time,  the  carbon  dioxide,  as  has  been 

,  stated,  is  usually  exhaled  in  a  reasonably  constant  ratio 

I   with  it,  and  can  therefore  bo  used  as  an  xniler  of  tlie 

f  amount  of  it  contaminating  the  air.     Taking  Pettenkofer'a 

figures,  which  have  been  sulistantially  confirmed  by  other 

investigators,  viz.,  0.6  cubic  fwjt  of  carbon  dioxide  i 
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hour  per  head  fur  a  mixed  asacmhlage  at  reat,  0.7  cubic 


flt»l_jiiT-   adult;    miilcw,    iiiiil     JniT.ii^injr    iim,.iinta    a.^f.iii;njT 

to  tlie  physical  work  done,  we  have  the  first  iiictur  (n)  of 
our  problem  determined  iiir  all  cases  where  the  products 
of  humao  respiratiou  and  exhalutioii  are  the  only  contam- 
inants. 

In  establishing  the  limit  of  permissible  Impurity — the 
8C(^ond  factor  (i) — it  will  naturally  l>e  advisable  to  re<iuire 
tliat  the  supply  of  air  from  without  shall  be  sufficient  not 
only  to  lie  thoroughly  eousistent  with  heidth,  but  also  that 
tiiere  may  be  no  perception  of  impurity  by  the  senses,  the 
wr  of  the  room  remaining  apparently  as  fresh  and  pure  as 
that  out-of-doors.  To  this  end  de  Chauraont  made  a  large 
number  of  observations  (over  4.50),  and  found  that  as  lou^ 
ag  the  carbon  dioxide  due  solely  to  respirat<iry  impurity 
did  not  exceed  0.02  per  cent.,  the  in-door  air  did  not  differ 


Bcnsibly  from  ihatwithuut,  but  that  when  the  respiratory 
CO^  rcachetl  0.04  iicr_^nt,,lke  ajr  was  railuT  "close" 


Hnd  the  organic  matter  was  Itccoming  perceptible  to  the 
Bense  of  smell.  Subsequent  investigations  have  shown 
that  as  long  ns  the  respiratory  CO,  does  not  exceed  0.02 
per  cent,  it  has  no  perceptible  effect  upon  liealth  ;  oonse- 
quently,  we  may  take  this  amount  of  carbon  dioxide,  over 
Bod  above  the  amount  normally  present  at  the  time  in  the 
outer  atmosphere,  as  the  limit  of  permissible  respiratory 
impurity  in  ordinary  inhabited  apartments. 

Having  now  the  two  factors  uf  onr  problem,  and 
provided  there  are  no  other  sources  of  contamination,  it 
becomes  a  simple  matter  of  propiirtion  to  determine  the 
iqnanttty  of  fresh  air  to  Im?  siipplieil  to  each  individual. 
Tlie  equivalent  of  0.02  per  cent,  is  0.0002  cubic  foot  of 
carbon  dioxide  in  each  cnbic  foot  of  air.  In  a  mixed 
■nibly  at  rest  each  person  exhales  0,6  cubic  foot  of 
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or  3000  cubic  I'eet  of  fresh  I 


carbon  dioxide  per  hour.     Consequently,  to  dilute  properly  I 
this  respiratory  CO,  and  its  coincident  organic  effluvia, 
0.6 
"  0.0002  " 
air  per  hour.     If  the  individuals  are  all  adult  males,  or  1 
if  they  are  working,  tliere  must  be  a  corresponding  increase 
in  tile  air  supplied,  ruuniug  up  to  6000  or  even  9000 
cubic  feet  or  more  per  head  in  certain  laborious  occupations. 
This  ia  the  theoretical  amount  of  pure  air  necessary  for 
good  ventilation  ;  but  in  practice  we  find  that  we  can  get 
along  witli  safety  and  comfort  with  somewhat  less,  because  i 
some  of  tile  bodily  impurities  are  almost  at  once  carriectv 
away  and  out  of  the  room  by  tlie  draughts  through  1 
exits,  or  through  the  cracks  and  crevices  in  the  walls  andi 
ceiling  which  act  as  exitM,  and  the  incoming  air  does  not^l 
therefore,  have  to  mix  with  and  dilute  that  portion  of  i 
impurities   that   ia  so   immediately   removed.     In   othetfl 
words,  if  ten  per  cent,  of  tlie  vitiation  is  thus  directlyi 
taken  away,  ten  per  cent.  less  of  pure  air  is  needed  t 
dilute  the  remaining  contaniinants  to  the  limit  of  permis8i-4 
ble  impurity;  but  as  the  quantity  and  the  conseqtienil 
velocity  of  the  incoming  or  of  the  outgoing  air  dimiiiishce,  J 
s  and  less  of  the  impurities  arc  thus  directly  removed, 
i  experience  teaches  that  almost  the  entire  theoretical 
(ply  of  fresh  air  is  actually  needed  in  practice  to  secure 
ictory  results. 

ision  must  also  l)e  made  for  sufficiently  diluting  i. 
litiee  from  other  sources  of  vitiation  whenever  thq 
\  present.     Although  combustion-products  are  not  usu-J 
D  dangerous  as  impurities  from  the  human  body,  andl 
Y  accumulate  near  the  top  of  the  nvjtn  on  aooounifl 
'   high   temperature,  which   also   facilitates   theli^ 
i  should  provide  at  least  1800  cubic  feet  of  a 
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for  oach  oubic  foot  of  ^as  biirned,  and  ten  tinier  ixn  much 
for  each  pound  of  oil  consumed. 

In  eick-ruonis  and  hospitals  an  cxci-ptiou  must  also  be 
tuken  to  the  equation  in  which  0.02  ]>er  cent,  of  carbon 
dioxide  \s  taken  as  the  permissible  respiratory  impurity,  for 
it  lA  found  that  the  oi^nic  matter  exhaled  from  the  aick 
is  much  more  otfeusivc  than  ttiat  from  the  healthy,  and  is 
noticeable  to  the  senses  when  the  respiratory  CO,  is  even 
below  0.02  per  cent.  So,  at  least  one-fourth  gr  more  of 
clean  air  must  be  added  to  the  quantity  necessary  for  tlie 
healthy,  and  a  good  rule  is  to  give  the  sick  aa  much  as 
possible,  provided  it  be  properly  warmed  and  distributed. 

The  use  of  the  following  formula  will  often  bo  of  ad- 
vantage in  solving  problems  relating  to  ventilation,  viz. : 

-s=d,  where  e  represents  the  amount  of  carbonic  acid  ex- 
haled in  the  given  time,  r  the  respiratory  CO,  in  parts  per 
cubic  foot,  and  d  the  delivery  or  volume  of  fresh  air  in 
cubic  feet,'  Example :  What  will  be  the  respiratory  im- 
purity in  tlie  air  of  a  mom  of  3000  cubic  feet  capacity 
which  has  been  occupied  by  three  men  for  two  hours 
supposing  that  there  has  been  an  ingress  of  9000  cubic 
feet  of  fresh  air  in  that  time  ?     Here  e  =  0.7  X  3  X  2  = 

4.2,  and  </  =  3000  +  9000  =  12,000.  -■-^12,000: 
r-T^  =  r  =  0.00035  =  0.035  jier  cent,  carbon  dioxide. 

Before  considering  the  means  by  which  a  sufficient  quan- 
tity of  pnrc  air  may  l>e  supplied  to  buildings  and  apart- 
ments, it  will  bo  well  to  note  the  following  restrictions 

'  By  allowing  r  to  reprracnt  the  tolal  conUniination  per  lii 
to  repnstiDt  the  limit  ox  extent  of  impurity  la  uDf  givt^n 
torroaU  on  be  uwd  Tor  sJinoBt  any  other  ventilatian  prablem,  whatever 
lany  be  the  coDtaminants  or  source  of  imparity. 
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as  to  the  size  and  height  of  the  rooms.  If  a  room  be 
too  small,  the  air  therein  wilt  have  to  be  changed  often, 
the  velocity  at  tlie  inletd  will  be  increased,  uncomfortable 
draughts  will  be  t-reated,  and  the  air  will  not  diffnse  itself 
so  thoroughly  throughout  the  room.  Expurit-nce  shows 
that  even  when  the  air  is  properly  warmed,  it  cannot  be 
chunged  much  oflener  than  three  times  an  hour  without 
discomfort  to  tlie  occujMiiits  of  the  room,  unless  the  ven- 
tilating appumlus  be  very  perfect  in  \i^  workings  and, 
therefore,  expensive.  Consequently,  as  we  lake  3000 
cubic  feet  of  fresh  air  to  be  the  average  amount  required 
per  person  per  hour,  the  ciAic  upace  per  individual  should 
be  at  least  1000  cubic  feet,  with  a  corresponding  iucrease 
where  the  occupants  are  all  adult  males,  are  all  at  work, 
or  are  in  Ixispitals. 

Again,  it  must  be  rememlwred  tliat  the  difficulty  of 
securing  equable  heating  and  ventilation  increases  with 
the  height  of  the  room  alx)ve  a  certain  limit,  and  tliat 
with  the  sick  especially  a  certain  amount  of  fooi--itpnfx  is 
necessary,  lx)lh  for  the  separation  of  patients  and  conve- 
nience of  attendant*.     Ten  or  twelve  feet  will  usually  be 
found  to  be  the  safe  limit  of  height  for  all  aj>artmeut6 
intended  for  contiuuoua  rather  than  temporary  occupation, 
and  consequently  there  should  be  a  minimum  allowance 
of  from   85  to   100  or  more   square  feet  of  flixir-sitnee 
wr  head,  and  even  an  increase  above  this  In  workshops, 
Wpitals,  el«.     However,  there  is  no  objection  to  high 
jriUngs  if  one  is  not  limited  as  to  fioor-spact',  pure  air- 
Ttiipply,  and  heat;  and  they  are  even  advisable  in  rooms 
J  Cohere  many  lights  are  to  be  burned.     Again,  tln'se  re- 
ft Ctrictions  regarding  cubic   and  fliior-space  do  not  neces- 
^''*arily  apply  to  such  buildings  as  churches,  theatres,  etc., 
l^wliich  are  occupie<I  for  only  a  comparatively  limited  time, 
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wliicii  can  be  tliorouglily  flushed  out  after  use,  and  in 
wbich  it  is  evidently  i mp rat.' ti cable  to  nllot  to  eaeh  person 
the  above  floor-area.  Yet  paina  must  W  taken  in  such  as- 
semblies to  keep  the  atmosphere  pure  by  whatever  mcana 
are  necessary  ;  while  for  BchiK)l-rooms  and  the  like  there 
mast  be  extreme  care  that  the  pupils  are  not  over-crowded, 
and  that  they  liave  a  full  supply  of  properly  warmed  air. 

Any  correct  system  of  ventilation,  in  addition  to  the 
above  considerations,  must  take  into  account  the  source 
of  the  air  supplied,  the  distribution,  and  the  heating  or 
cooling  of  the  air  wlieu  necessary. 

The  air  supplied  to  any  house  should  be  taken  from 
well  above  the  level  of  the  ground,  where  it  is  free  from 
contamination  and  is  constantly  changing,  and  not  from 
cellars  or  closed  areas,  where  the  atmotiphere  is  stagnant 
and  full  of  impurities.  The  conduits  leading  to  the 
heating  or  ventilating  apparatus  should  also  be  so  arranged 
tliat  they  may  be  frequently  and  readily  cleaned.  It  is 
well  to  have  them  covereii  with  gratings  to  prevent  objects 
being  thrust  into  them,  and  in  some  cases  it  may  even  be 
advisable  to  filter  the  air  through  coarse  cloth  or  fine  wire 
gauze  to  free  it  from  dust  and  other  impurities.  In  the 
mechanical  system  of  ventilation  adopted  in  the  chemical 
laboratory  of  University  College,  Dundee,  the  air  is  filt- 
ered by  being  passed  through  jute  cloth  (light  Hessian) 
stretched  on  frames  seventeen  feet  long  by  four  feet  wide. 
In  this  ease  the  presence  of  the  screen  actually  increased 
the  delivery  of  the  air  by  nearly  10  per  cent.,  probably 
by  preventing  eddies.  The  screens  collected  two  and 
.one-half  pounds  of  dirt  in  seven  weeks.  They  last  about 
a  year,  and  the  cost  is  about  2rf  (four  cents)  a  yard.' 
In  the  clinical  amphitheatre  of  the   Medico-Chirurgical 

'  Steveowin  and  Murphy,  »ol.  i.,  p.  51. 
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C\)llegi?  and  Hoajiital  of  Philadelphia  a  double  thickness  of 
fine  wire  gauze  is  used  to  filter  the  air  after  a  preliminary 
spraying  with  water,  the  result  being  entirely  satisfactory. 

The  iiJr  may  be  kept  in  motion  and  efidciont  ventilation 
secured  (1)  by  those  forces  more  or  losts  continually  acting 
in  nature,  producing  natural  ventilation,  and  (2)  by  these 
in  eombinatiun  with  other  forces  set  in  action  by  man, 
giving  artijicinl  vciUHalioit. 

Natural  Ventilation. — The  three  main  forces  of  nat- 
ural  vcnlLlatioii  are  diffusion,  the  windu,  and  the  motion 
caused  by  (he  diiicrcucc  in  weight  of  volumes  of  air  of  dif- 
ferent temperatures.  Diffusion  is  constantly  taking  place 
between  all  the  gaseous  constituents  and  impurities  of  the 
air,  and  even  effects  a  change  through  brick  and  stone 
walls,  but  alone  is  insufficient  to  keep  the  air  pure,  though 
it  does  much  to  further  thi.-s.  Moreover,  as  suspended  mat- 
ters are  solid,  not  gaseous,  they  are  not  changed  or  re- 
moveil  by  it.  As  the  rate  of  diffusion  increases  the  greater 
the  difference  in  specific  gravity  between  two  gases  or  at- 
mospheres, it  goes  on  rapidly  when  there  is  much  difference 
of  temperature  between  the  in-door  and  outer  air,  and  also 
at  the  top  of  rooms,  where  the  warm  impurities  tend  to 
accumidatc. 

However,  the  action  of  this  force  should  not  be  ignored 
in  our  calculations  as  being  insignificant,  for  it  is  not  only 
continuous,  but  it  also  affects  the  whole  volume  of  the  at- 
mosphere in  maintaining  its  uniformity  of  composition. 
"Roscoe  found  that  when  he  evolved  carbon  dioxide  in  a 
room  the  amount  had  decreased  one-half  from  tlint  cause 
(diffusion)  in  ninety  minutes.'"  The  rate  of  diffusion  ia 
inversely  as  the  square  roots  of  the  densities  of  the  gn.ses 
concerned. 

'  Nutter  and  Firlh.  p.  IM. 
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Winds  are  powerful  agents  for  ventilation,  and  a  slight 
breeze  passing  ihrutigli  a  room  diaugeii  tlie  air  tliereiu 
many  times  in  the  euiirse  of  an  hour,  and  carries  out  by 
its  force  many  of  tlie  solid  impurities  not  affected  by  dif- 
fusion. Wind  will  pass  through  walls  of  wno*l,  brick,  or 
stone,  although  itji  progress  is  markedly  arrested  by  much 


moisture  in  the  walls  and  by  pajier  or  plaster.  The  aver- 
age rate  of  movement  of  the  wind  is  considerable,  but 
the  disadvantages  in  utilizing  it  in  ventilation  are  the 
uncertainty  of  its  direction  and  velocity,  the  difficulty  of 
regulating  it,  and  the  fact  that  it  may  fail  us  at  a  time 
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when  we  nee*!  its  action  most.  In  winter  it  usually 
to  be  exclnrled  directly  from  our  houses,  because  a  velocity 
of  five  or  six  feet  per  second  is  not  to  be  borne  unless  the 
air  be  previously  warmed.  We  may,  however,  take  ad- 
vantage of  the  fact  that  a  small  ciirrent^tTi  a  liTgh  veloc- 
ity will  setTn  motion  a  large  volume  of  air,  and  that  wind 
blowing  across  the  top  of  a  tube  will  cause  an  upwai? 
movement  of  air  in  the  tube.  This  is  oue  reason  why 
there  is  almost  alwayei  a  draught  up  an  unused  chimne< 
and  why  h  acts  as  a  good  ventilating  outlet. 

To  utilize  these  jwrflating  and  aspirating  powers  of  the 
wind,  aud  to  prevent  back-draughts  down  chimneys  and 
ventilating  pipes,  we  make  utie  of  so-called  ventUaiora  or 
coals,  either  movable  or  fixed.  We  cau  so  arrange  these 
that  the  force  of  the  wind  cither  drives  air  into  the  house 
(perflation)  or  drawa  air  out  of  it  (aspiration).  Very. 
good  systems  employing  these  have  been  put  in  n{)eration, 
the  air  being  warmed,  if  necessary,  by  passing  it  over 
stoves,  steam  coils,  etc.,  and  they  are  especially  useful 
where  the  inner  air  is  colder  than  that  externally,  and 
where  artificial  methods  of  ventilation  dependent  upon 
heat  cannot  be  employed,  as  in  the  holds  of  ships,  deep 
basements,  etc. 

The  most  important  agent  in  natural  ventilation  is, 
however,  the  movement  produced"^  variations  in  the 
specific  gravity  of  air.  Though  the  wind  might  be  in- 
cluded under  this  head,  being  produced  by  the  same  force, 
the  air  is  moved  independently  of  the  wind,  especially  in 
jloeed  buildings.  As  the  air  expands  when  heated,  it 
seoomea  lighter,  volume  for  volume,  and  rises  because  the 
colder,  heavier  air  pushes  in  l)eneath  to  occupy  the  space. 
But  in  all  inhabited  apartments  a  warming  of  the  atmoa- 
ihere  is  coutiaually  taking  place,  not  only  by  the  lighte 
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and  heatiug  apparatus,  but  also  by  the  bodies  of  the  o<m;u> 
pants.  The  movemeut  is,  therefore,  a  continual  thuugli 
not  necet^iaril}'  an  equable  one,  van'iug  as  it  does  with  the 
temperature  of  the  out-<loor  air  and  the  number  and  iii- 
teneitv  of  the  heating  agents  within.  There  being  aiich  a 
warming  and  movement  of  the  air,  it  follows  that,  unless 
a  room  be  perfectly  air-tight,  some  of  the  apertures  will 
act  as  inlets  and  others  as  outlets,  and  the  quantity  flow- 
ing out  of  the  room  will  be  practically  equivalent  to  that 
flowing  into  it.  Therefore,  though  this  ibrce  may  not  he 
BO  powerful  or  efficient  as  strong  winils  at  certain  times, 
yet  being  more  constant,  more  readily  determined  or  cal- 
culated, and  more  controllable,  it  is  the  one  most  to  be 
considered  in  arranging  a  system  of  ventilation. 

To  determine  the  velocity  of  the  influ:c  or  outgo  of  air, 
we  make  use  of  the  law  that  a  fluid  [>a)»ses  through  an 
opening  in  a  partition  between  two  volumes  of  the  fluid 
with  the  velocity  which  a  body  would  acquire  in  falling 
from  a  height  equal  to  the  differenoe  in  level  of  the 
fluid  on  the  two  sides  of  the  partition.  In  the  case  of  a 
current  of  air  we  substitute  for  the  diSerence  of  level  the 
difference  in  pressure  on  the  two  sides  of  the  partition  or 
opening,  and  this  ia  expressed  hy  the  difference  in  tem- 
perature multiplied  by  the  difference  in  height  of  the 
openings  of  entrance  and  exit,  and  divided  by  491,  j-J^ 
representing  the  expansion  of  the  atmosphere  in  volume 
and  the  lessening  of  density  for  each  d^ree  (Fahrenheit) 
of  rise  in  temperature.    The  velocity  will,  therefore,  equal 


/(dig",  in  temp.)  X  (diJF.  in  height). 
8  "^  491 

Example :  Wliat  is  the  velocity  of  the  current  in  a  ohim- 
ney  40  feet  high,  the  out-door  temperature  being  20°  F. 
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and  in-(loore  70°  F.?     Answer :  V  ^  8  -.p  ^i.9  = 


491 


2  +,  or  about  16  feet  per  scuond. 

Iti  aetu:d  practice  use  la  mude  of  a  table  derived  from 
this  formula,  or  else  thp  velocity  is  determined  directly 
by  means  of  the  anemometer.  Allowance  mu»t  be  made 
for  the  friction  of  the  air  ogaineit  the  eides  of  the  duets 

Fio.  14. 
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and  ngaingt  itself,  amounting  to  from  oiiL-fijurlh  to  one- 

■  half  of  the  theoretical  delivery,  aceonlinff  to  the  length, 

^k  size,  straightness,  etc.,  of  the  inlets  and  outlets.      The 

^^k  friction  will  be  inversely  as  the  diameter  of  the  openings 

^^^^  and  directly  as  the  length  of  the  tabes  ;  the  shupe  of  the 

^^^B  tunings  also   atTecls  it,  and  right  angles  diminish  the 

^^H  current  one-half     Accumulations  of  dust  and  dirt  greatly 

^^B  leeeen  the  velocity. 
^^1  The  velocity  multiplied  by  the  total  area  of  the  inlet 
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nr  iiutli'te,  with  a  proper  allowance  for  friutiou,  will  give 
the  (luantity  of  air  [Kkst^iu^  through  the  rooms  or  series  of 
ruoiiis  in  any  given  time. 

One  of  the  most  difficult  problems  in  natural  ventilation 
is  to  secure  a  uniform  distribution  of  pure  air  through  the 
nxtms,  and  to  remove  the  impure  air  as  fast  as  the  pure 
uir  i!4  ^u|>plied,  thus  preventing  its  mixing  with  the  luttcr. 
Certain  circumstances  always  make  the  question  compli- 
cated :  the  sisMj  and  nunibtir  of  inlets  and  outlets,  the  rate 
and  direction  of  motion,  and  the  forces  acting  to  produce 
it  mast  always  be  subject  to  constant  change,  and  must 
thus  coustantly  alter  the  result.  In  fact,  it  is  practically 
impossible  to  devise  a  plan  tliat  will  satisfy  all  conditions 
at  all  times,  and  the  best  that  can  be  done  will  be  to  select 
that  one  which  will  give  the  greatest  etSciency  and  most 
satisfacU)ry  result.'^  under  all  ordinary  circumstances. 

Tbe  force  of  diffusion  will  always  act  as  long  as  tlicre 
is  any  difference  of  temperature  and  any  communication 
between  the  exterior  and  interior,  and  no  special  attention 
need  be  given  tti  it.  For  reasons  already  given,  we  cannot 
use  the  wind  continually,  but  we  should  emplov  it  when- 
ever {wssible  by  opening  door^  and  windows,  on  account 
of  its  great  l>ower  for  sweeping  out  solid  impurities  and 
thoroughly  changing  the  air.  In  cold  weather,  currents 
from  windows,  etc.,  should  be  directed  toward  the  ceiling, 
80  that  they  may  be  difFused  and  partially  warmed  before 
reaching  the  inmates  of  the  Rwm.  Nuracrmis  devices 
have  been  auj^stcil  for  intnKlucing  imwarmed  out-^Itxir 
air  without  discomfort,  or  for  diffusing  it  through  the 
room :  among  these  may  be  mentioned  perforated  bricks, 
or  double-jwned  windows,  valves,  screws,  etc.  A  cheap 
and  satisfactory  temporary  arrangement  is  to  place  a  board 
about  four  inches  wide  and  as  long  as  the  width  of  the 
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lower  window-snsli  beiieatli  the  latter.  Or,  Ijetter,  have  a 
light  frame  covered  with  tine  netting  or  wire^uze,  four 
or  five  iuches  wide,  made  to  fit  above  the  upper  sasli :  the 
fresh  air  from  without  can  now  eiit«r  frcfly  betweeu  the 
upper  and  lower  sash,  being  reflected  tipwiird  by  the  inner 
surface  of  the  glass  in  the  upper  ria^li,  and  thus  mixing 
with  warm  air  before  reaching  the  occupants  of  the  room  ; 
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onlci]  b;  open  grate. 


while  the  frame  at  tlie  top  of  the  window  becomes  an 
outlet  for  the  foul  air,  the  interference  of  the  netting  or 
gauze  preventing  t*>o  rapid  an  outgo  and  consequent  loss 
of  heat.  But  in  a  climate  such  as  our  own,  and  in  all 
cold  countries,  special  measures  must  be  taken  during  a 
large  part  of  the  year  for  warming  the  out-door  air  before 
introducing  it  into  occupied  rooms. 


LOCATION  OF  INLETS  AND  OUTLETS. 

Where  we  intend  to  depend  most  upon  the  third  force 
of  natural  ventilatioa,  viz.,  the  movement  of  unequal 
weightii  of  air,  we  must  provide  other  openings  for  tlie 
entrance  and  exit  of  the  air  than  the  windows  and  doors, 
so  that  tliere  will  be  a  practically  constant  movement 
through  tlie  rooms  in  a  given  direction,  that  we  may  be 
sure  the  air  is  from  a  pure  source,  and  that  we  may  get 
the  utmost  service  from  our  appliances. 

There  b  considerable  difference  of  opinion  as  to  the  Ijest 
locations  for  inlets  and  outlets,  and  as  the  conditions  are 
nece»8arily  different  in  every  case  and  so  many  factors 
are  to  be  considered,  it  is  difficult  to  lay  down  general 
rules.  It  should  be  an  aim,  however,  to  have  the  air 
well  distributed  throughout  the  room  or  rooms  and  to 
have  no  direct  draughts  from  the  inlets  either  upon  the 
occupants  or  to  the  outlets.  It  is  the  wriu-r's  opinion 
that  usually  the  outlets  should  be  located  near  the  top 
of  the  room,  owing  to  the  tendency  of  the  used  air  to  rise, 
and  because  in  unventilated  rooms  the  foulest  air  fur 
some  time  after  its  contamination  will  be  found  nearest 
the  ceiling.  The  products  of  combustion  from  lights, 
etc.,  will  also  practically  all  he  in  the  upper  strata  of  air. 
(Fig,  15.)  If,  however,  provision  is  or  eau  be  made  for 
a  constant  and  sufficiently  strong  aspirating  force  in  the 
outlet  ducts,  it  may  be  advisable  to  withdraw  the  used 
air  from  near  the  floor  level  and  below  the  inlet  openings, 
though  not  in  too  close  proximity  to  them,  since  in  this 
way  a  more  thorough  distribution  of  the  incoming  air 
and  a  greater  dispersion  of  its  containeil  heat  are  secured. 
This  is  aptly  shown  in  the  illustration  depicting  the  cur- 
rents in  a  roiim  heated  by  a  ventihiting  grate.  (Fig.  16.) 
This  principle  is  also  involved  in  the  woll-kno\vn  Smead 
system  of   ventilation   and   heating,  which   still   further 
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Borves  economy  by  carrying  tlie  foul  air  beneatb  the  floor 
of  the  room  from  which  it  is  taken,  thus  warnung  the 
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floor  with  what  heat  the  waste  air  yet  contains  and  Becup-^ 
ing  the  utmost  beuetit  and  service  from  the  fuel.  (Fig.  17.JJ 

The  lucatinn  of  tlie  inlets  should  depend  on  the  tcm- 
pcratnre  of  the  incoming  air;  if  it  is  cold,  it  should  be 
admitted  near  the  ceiling,  so  that  it  may  diffuse  and  be 
partially  warmetl  before  reaching  the  inmates  of  the 
room ;  if  it  is  warmed,  it  may  come  in  near  the  floor  oT 
l»elow  the  middle  level  of  the  room. 

Where  much  fresh  air  is  required,  it  is  better  to  have  a 
number  of  inlets  and  outlets  than  one  large  one  of  each, 
a$  the  distribution  is  then  more  certain.  The  total  area 
of  the  outlets  may  be  the  same  a-s  that  of  the  inletfi,  as  the 
expansion  of  tlie  air  is  scarcely  sufficiently  great  to  require 
a  diflTerence.  The  outlets  should  all  be  on  the  same  level ; 
otherwise  the  highest  one  will  be  the  one  of  greatest  dis- 
charge, and  often  the  only  one,  the  others  possibly  acting 
as  inlets  and  drawing  air  from  an  impure  source.  As  the 
temperature  varies  from  time  to  time,  and  with  it  the  cur- 
rent, some  arrangement  is  needed  for  regulating  the  size 
of  the  openings  of  the  inlets  or  outlets  to  suit  the  varying 
conditions.  To  supply  3000  cubic  feet  of  air  per  head  per 
hour  a  velocity  of  5  feet  per  second  will  require  an  inlet 
opening  of  24  square  inchia  for  each  person ;  but  practi- 
cally it  is  better  to  have  a  lai^r  opening,  as  the  above 
velocity  is  uncomfortable  unless  the  air  be  well  warmed. 
Outlet  tul>es  should  always  be  protect^  from  cold  and 
kept  as  warm  as  possible. 

As  long  as  there  is  a  fire  in  a  grate  or  stove  connected 
with  a  chimney  there  will  be  a  constant  upward  current 
in  the  latter ;  and  the  area  of  the  chimney's  cross-section 
being  known,  and  the  velocity  determined  by  the  ane- 
mometer or  by  calculation,  as  already  indicated,  the 
amount  of  air  passing  out  of  the  room  in  this  way  may 
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readily  be  determined.  In  tliis  connection  it  may  be 
Btuted  that  a  oliimiiey  may  tbua  act  as  tbe  only  outlet  and 
all  other  ojienings  into  the  room  may  serve  as  inlets, 
especially  wbeii  the  fire  is  brisk,  the  outgoing  ciirrent,  of 
course,  being  practically  equivalent  to  the  amount  of  in- 
coming air.  Mcireovcr,  the  outgoing  cuireut  may  be  so 
strong  as  to  overtax  the  capacity  of  the  inlets,  in  which 
case  more  or  less  of  a  vacuum  will  be  created  within,  so 
that  the  outside  pressure  may  cjinse  down  draughts  in  the 
chimney  from  time  to  time  and  a  driving  back  of  the 
smoke  and  gases  from  the  fire  into  the  room.  The  obvious 
remwly  is  to  enlai^  the  inlet  area  by  opening  a  door  or 
window,  or  to  lessen  the  exit  draught  by  means  of  a 
damper  in  the  chimney.  On  the  other  hand,  the  inlets 
may  be  so  laige  and  the  current  so  strong  that  the  air 
coming  into  tlie  room  cannot  be  properly  warmeil,  in 
which  case,  again,  the  size  of  the  outlet  should  be  les- 
sened by  a  damper,  or  there  should  be  an  increase  in  the 
efficiency  of  tbe  heating  apparatus. 

When  we  wish  to  draw  air  from  distant  and  non-com- 
municating rooms,  the  ducts  may  be  led  into  a  chimney 
below  or  jnst  above  a  fire,  or,  better,  into  a  fine  or  shaft 
alongside  or  encircling  the  heated  chimney.  When  the 
exit  ducts  open  into  a  chimney  or  smoke-stack  the  dniught 
is  greater  just  above  a  fire  than  below  it,  but  the  conduits 
should  not  enter  near  the  top  of  the  chimney,  for  there 
the  extracting  power  is  not  so  great  and  there  is  danger 
of  high  winds  blowing  smoke  and  foul  air  back  into  the 
rooms.  Outlet  flues  may  be  constructed  alongside  chim- 
neys that  are  being  constantly  used ;  they  should  be  as 
smooth  as  possible  interiorly,  and  should  be  as  high  as  the 
adjoining  chimney,  to  avoid  down  draughts.  The  open- 
ings from  the  rooms  into  these  ducts  should  be  as  near 
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the  ceiltDg  as  possible,  to  get  the  benefit  of  the  higher  tem- 
perature of  tho  upjwr  strata  of  air,  unless,  as  previously 
indicated,  there  is  certainty  of  the  extracting  force  being 
constant  ami  sufficiently  strong,  when  the  air  may  be 
tiiken  from  a  lower  level,  "^  ^ 

Al^iflcial  Tentilation  is  that  which  is  brought  abont 
by  the  intentional  application  of  the  alxtve  mentioned  and 
other  forces,  and  by  means  of  special  mechanical  apparatus 
and  devices,  in  contradistinction  to  natural  ventilation, 
which  may  act  independently  of  human  cogniauince  and 
intention.  It  consists  in  either  extracting  air  from  or 
forcing  air  into  a  room  or  building,  or  in  both  tt^ther. 
The  object  may  be  attained  by  heating  the  air  by  special 
heating  apparatus  in  the  outlet,  or  by  warming  the  outlet 
itself,  or  by  the  use  of  a  fan,  a  screw,  or  a  steam-  or 
water-jet  in  either  the  inlet  or  outlet. 

In  hospitals  and  other  places  where  a  constant  and  inde- 
pendent supply  of  heat  can  lie  afforded,  extraction  shafts 
apart  from  chimneys  may  be  used.  These  extraction 
shafts  may  be  hesitwl  by  fires,  steam  pipes,  or  steam-jets 
at  the  bottom,  or  by  steam  or  hot-water  pipes  coiled 
around  the  sides.  Some  system  like  the  following  is  some- 
times used  in  mines  where  large  quantities  of  air  must  be 
extracted.  There  are  an  entrance  and  an  extraction 
I  shaft;  large  fires  are  constantly  matntjiined  at  the  bottom 

L  of  the  latter,  the  air  is  drawn  down  the  former,  diverted 

I  through  all  parts  of  the  mine  by  partitions,  and  finally 

I  heated  and  carried  up  the  extraction  shaft, 

I  We  may  also  use  a  jet  of  steam  or  water  in  place  of 

I  heat  to  extract  air  through  a  shaft,  the  openings  of  the 

I  foul-air  ducts  being  just  behind  tlie  jet.     It  is  said  that  a 

■  steam-jet  may  thus  set  in  motion  over  two  hundred  times 
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water-power  are  employed  to  extract  the  air,  thoug'h  these  I 
are  ui^iially  mure  efiicient  in  forcing  in  air.  One  of  36  f 
inches  diameter  at  600  rcvylutions  per  minute  will  propel  ] 
or  extract  over  18,000  cubic  feet  of  air  per  minute. 

In  ventilation  by  propulsion  or  driving  in  air,  these  I 

lai^  revolving  fans  are  generally  used.     Tlie  advantages  I 

of  this,  the  plenum,  aystcm  of  ventilating  are  the  certainly  I 

Fio.  18. 


Air  propeller,  with  cleclHc  molor  Bltached. 
as  to  the  direction  of  current  and  amount  of  air  supplied 
and  the  ease  with  which  the  quantity  can  be  altered  t 
measured,  as  well  as  warmed ;  also,  by  maintaining  i 
slight  excess  of  supply,  leakage  into  the  rooms  of  cold  o 
foul  air  from  without  is  prevented.  The  dtsadvanta 
are  the  high  cost  of  power  in  most  cases,  the  inconveni- 
ence or  danger  from  prolonged  stoppage  from  accidents  to 


ttie  appiinitus,  aud  some  difficulty  in  distributing  tLe  air. 
For  iDhtunce,  if  it  be  forced  in  ibniugb  small  openings  or 
Jit  too  great  a  velocity,  it  will  not  mix  properly  with  the 
air  of  the  room.  This  last  objection  can  usually  be  ob- 
viated by  giving  special  attention  to  the  size,  direction, 
and  arrangement  of  tlie  inlet  flues,  aud  the  relative  loca- 
tion, size,  etc.,  of  both  the  inlet  and  outlet  openings.  The 
iocreased  use  of  electric  motors  and  lowered  cost  of  run- 
ning tbcm  will  doubtless  serve  to  make  this  system  of 
ventilation  more  common  in  the  near  future. 

In  very  lai^  buildings  it  may  be  advisable  or  neces- 
sarj-  to  combine  the  plenum  or  propulsion  with  the  ex- 
bauHt  or  vacuum  system,  using  power  fans  both  to  drive 
in  and  to  force  out  large  volumes  of  air.  In  this  way  an 
almost  ideal  ventilation  may  be  secured,  provided  the 
incoming  air  be  clean  and  be  sufSciently  warmed  by 
means  of  steam  or  hot-water  coils  or  radiators  (see  pages 
140  and  142). 

Parkes  and  Kenwood  summarize  the  essential  and 
practical  points  of  ventilation  as  follows: 

"  1.  When  air  is  heated,  it  expands  and  tends  to  rise ; 
when  air  is  cooletl,  it  contracts  and  tends  to  fall. 

"  2.  Cold  uir  tends  to  enter  a  room  and  to  move  about 
very  much  as  water  would  ;  and  this  holds  true  so  long  as 
the  temperature  of  the  fresh  air  remains  lower  than  that 
in  the  room. 

"3.  The  extent  of  inlet  provision  is  not  quite  of  the 
same  importance  as  that  for  the  exit  of  foul  air;  for  if 
foul  air  is  extracted  in  sufficient  quantities,  fresh  air  will 
Biiler  somehow  to  replace  it,  as  by  skirtings,  crevices  in 
door?  or  windows,  or  even  through  brick-work  in  walls. 

"4.  While  the  inlet  provision  for  fresh  air  should  aver- 
age 24  stjuare  inches  for  each  individual,  several  small 
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inlets  not  too  near  eacli  other  are  preferable  to  one  large 
one;  and  the  provision  ol'  inlet  tuvaa  somewhat  larger 
tlian  those  of  exit  tends  to  minimize  dmugbts. 

"  5.  luletri  should  be  as  low  in  the  room  as  possible — 
i.  e.,  just  above  the  floor  (so  as  not  to  raise  the  dust) — if 
the  outside  air  is  warm  or  has  been  warmed  prior  t^i 
entry ;  but  at  a  height  of  five  feet  or  more  if  the  outside 
air  is  cold :  otherwise  unpleasant  draughts  are  experienced. 
As  a  further  prot«!tion  agiiinst  unpleasant  dmuglita  when 
cold  air  is  admitted,  the  incoming  air  should  l>e  direct^^i 
upward ;  while  hot  air,  since  it  tends  to  rise,  should  be 
directed  downward. 

"  6.  Outlets  should  be  as  high  as  possible,  and  prefer- 
ably close  to  or  in  the  ceiling ;  and  they  should  have  their 
extractive  powers  maintained  by  means  of  heat  or  of  an 
exhaust  fan,  or  they  are  liable  to  act  as  inleta. 

"  7.  If  possible,  outlets  should  be  so  placed  that  vitiated 
air  is  drawn  toward  them  befi>re  mixing  with  the  general 
air  of  the  room. 

"  8.  The  tendency  fiir  fresh  air  to  take  a  direct  omrse 
to  the  outlets  must  be  overcome  by  judicious  selection  of 
the  positions  of  inlets  and  outlets. 

"  9.  Methods  of  ventilation  devised  to  ventilate  crowded 
premises  are  generally  inefficient  unless  the  incoming  air 
can  be  warmed  in  winter  to  about  60°  F. ;  for  efficient 
ventilation  by  cold  air  cannot  be  tolerated,  and  there  is  a 
great  tendency  among  workers   to   close  all  ventilating 


"10.  With  less  than  250  cubic  feet  of  apace  for  each 
person,  ventilation  can  never  be  satisfactory  without  the 
aid  of  mechanical  force. 

"  11.  The  source  of  the  incoming  air  should  be  consid- 
It  should  not  be  borrowed  from  adjoining  rooms, 
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but  taken  directly  from  tbe  outside.  One  great  advantage 
of  tlie  more  expensive  mecbanical  system  of  ventilaliun  U 
tlie  tact  that  sufficieut  air  can  alway  be  obtaiued  from  a 
source  that  is  known  and  selected. 

"12.  Ventilation  de[>endent  on  the  extraction  of  foul 
air  is  more  convenient  and  satisfactory  than  that  in  which 
propulsion  is  mainly  relied  upon ;  but  the  purity  of  the 
air  is  not  provided  for  so  easily. 

"  13.  Warmed  air  forced  into  a  room  should  be  raised 
only  to  a  temperature  sufficient  to  prevent  a  feeling  of  cold 
(about  (iO°  F.).  More  highly  heated  air  is  often  felt  to 
be  over-dry  and  unpleasant." 

House- warming. — In  cold  countries  there  must  be 
some  resort  to  artiticial  heat  in  the  winter  season,. and  as 
this  subject  is  more  or  less  inseparably  and  closely  con- 
nected with  ventilation,  it  may  be  appropriately  consid- 
ered at  this  time.  Cold  is  depressing,  uucomfortahle,  and 
sometimes  dangerous  to  the  young  and  aged  and  to  women 
whose  habits  of  life  keep  them  much  in-doors ;  though 
well-fetl,  healthy  adult  men  may  not  be  much  affeetw! 
if  accustomed  to  it.  In  this  coimtry  we  nee<l  a  higher 
temperature  in  our  houses  than  in  Great  Britain,  on 
account  of  our  drier  climate  ;  evaporation  and  consequent 
cooling  nf  the  body  take  place  more  rapidly  here,  and  so, 
while  tliey  are  accustome*!  to  a  temperature  of  from  60° 
to  65°  F.,  we  find  from  65°  to  75°  F.  to  be  no  more  than 
comfortable. 

It  needs  but  slight  investigation  to  determine  that  we 
practically  make  use  of  but  two  kinds  of  heat — radiant 
and  cnnvected — in  the  warming  of  houses,  and  that  of 
these  the  latter  is  by  far  the  most  generally  employed  and 
the  most  economical.  Iladiunf  heat,  although  it  is  consid- 
ered to  be  the  most  healthful  and  warms  an  object  directly 
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without  raiding  the  temperature  of  the  intervening  air,  has 
the  disadvantages  of  utilizing  but  a  small  proportion  of 
the  fuel-value,  of  decreasing  directly  as  the  square  of  the 
distance  of  the  object  from  the  source  of  heat,  and  of  thus 
being  available  only  in  comparatively  smiill  apartments. 
Our  best  example  of  radiant  heat  is  that  which  comes 
from  open  tires,  though  any  highly  heated  object,  as  a 
stove,  gives  off  more  or  less  of  it. 

Heat  that  is  carried  from  one  place  to  another  by  warmed 
masses  of  air,  water,  or  steam  is  said  to  be  convecied,  and 
because  of  the  economy  in  its  use  and  the  cose  of  distri- 
bution, especially  in  lai^  spaces,  it  is  tlie  kind  most  gen- 
erally used.  Conductc<]  heat,  which  passes  from  molecule 
to  molecule  of  the  amducting  substance,  acts  too  slowly  to 
be  available  to  any  extent  in  bousc-heating  and  may, 
therefore,  be  omitted  from  this  discus-sion. 

Just  here  it  may  be  remarked  that  under  present  con- 
ditions there  are  three  things,  any  two  of  wliich  we  may 
have  ill  cold  climates  or  weather,  but  not  all  three  to- 
gether, except  in  rare  instances:  they  are,  good  ventila- 
tion, eflficient  heating,  and  cheapness.  The  reason  for 
this  is  that  any  goo<l  system  of  ventilation  necessarily  and 
coDtinually  carries  off  a  lat^  quantity  of  air  aud  the  heat 
it  contains,  which  latter  is  Inst  for  warming  purposes  and 
t  be  replaced  at  the  esiwnse  of  more  fuel.  A  heat- 
Kt  cannot  be  used  at  the  same  time  to  produce  ventila- 
i  and  to  warm  objects  other  than  the  air  it  keeps  in 
The  principd  aim,  then,  in  establishing  any  sys- 
a  of  combined  ventilation  and  heating  must  be  to  warm, 
duce,  and  carry  off  no  more  air  than  is  necessary  for 
)  requirements  of  good  venlilntion  and  health,  and  to 
e  the  heat  for  warming  this  air  and  the  house  itself 
mically  as  posaible,  though  care  must  also  be  h«d  i 
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to  setiure  evenness  of  distribution,  absence  oi  uncomfort- 
able (Irnugbts,  etc. 

The  usual  appliances  for  liouse-lieating  are  open  grat«B 
or  fireplaces,  ytuves,  and  hot-air,  stcure,  and  hot-water 
furnaces.  To  these  may  uow  be  added  eleetrical  heaters, 
but  the  oiat  of  maintaining  the  latter  preventii  their  use 
at  present  by  any  but  the  wealthy. 


JnHtaon'f  venliUling  grate.  The  nulcr  cssIqk  Ib  cat  kway  to  ahnw  aimoe 
and  mrlkee  tat  wumlng  lliir  iiici>iDlng  sir.  Ttiu  air  vntore  through  the  obtong 
Intel  (a)  and  paucs  to  Ihu  rcglBl«r  opcuing  Ih)  |ln  tFonl)  betwevn  Hnd  around 
the  Rye  imoke-iilpe*  (f)  aluive. 

Ordinary  grates  and  open  fireplaces  give  practically 
only  radiant  heat,  and  render  available  only  from  7  to 
12  per  cent,  of  the  fuel  efficiency.  They  also  heat  directly 
only  the  surfaces  facing  them  of  objects  in  the  room,  leav- 
ing the  remainder  cold,  and  by  reason  of  the  strong  current 
op  the  chimney  are  also  apt  to  bring  in  large  quantities 
of  air  from  without  that  ha.s  not  bocn  pmperly  warmed, 
and  thus  to  cause  chilling  and  injurious  draughts.  Where 
there  is  some  additional  means  of  heating  the  air  before  it 
Ctiten  the  apartment  and  where  the  chimney  current  is 
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contruUed  by  a  damper,  tiiey  are  valuable,  not  only  for 
the  good  ventilation  they  jiruduce,  but  for  the  pleasing 
efl'ect  of  the  exposed  fire  as  well. 

To  muke  open  grates  more  effective  for  heating,  the 
sides  and  top  should  be  inclined  to  the  back  at  an  angle 
of  135  degrees,  so  us  to  throw  as  many  heut-rays  as  possi- 
ble into  the  room ;  the  fuel  surface  should  be  couceutrutedf  ^^ 
and  tliere  should  be  a  damper  to  prevent  too  rapid  com- 
bustion and  too  much  beat  aud  au*  escaping  up  the 
chimney.  It  is  to  be  understood,  of  course,  that  the 
objects  warmed  by  the  radiant  heat  of  the  open  fire  do 
iu  turn  give  convected  heat  by  warming  the  air  8uiToun(i-< 
ing  them. 

If,  however,  the  back  and  sides  of  these  grates  be  sur- 
rounded by  a  space  through  which  air  can  pass  and  be 
warmed  by  the  heat  that  would  otherwise  be  wasted,  we 
shall  have  a  much  more  satisfactory  apparatus,  since  we 
thus  get  both  radiant  and  convecl*d  lieat  and  may  obtain 
from  25  to  35  per  cent,  of  the  fuel  efficiency.  Ami  if  clean 
out-door  air  be  led  into  this  air-space  and  thus  warmed 
before  entering  the  room,  the  ventilation  will  be  greatly 
improved,  other  inlets  will  be  unneeossary,  uncomfortable 
draughts  will  !«?  avoided,  and  there  will  !>e  sufficient  heat 
provided  for  one  or  more  apartments  of  moderate  size. 
The  air-clianiber  at  the  back  should  not  be  too  small,  and 
there  should  be  as  mucb  heated  surface  to  warm  the 
incoming  air  as  possible.     (Fig.  19.) 

Stoves  utilize  a  considerable  percentage  of  the  fuel — 
75  to  80  per  cent,  or  more — but  do  not  remove  much  airj 
BO  ventilation  has  to  W  provided  for  in  some  other  way 
and  is  apt  to  be  noglccte^l.  Stoves  may  also  give  off  dan- 
gerous gases  and  products  of  combustion  if  not  properly 
cared  for  or  if  the  dami»er  in  the  stove-pipe  be  entirely' 
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closed.  There  should  bt.'  as  much  surface  exposed  as  is 
possible  without  diminishiug  the  combustion,  so  that  there 
may  be  increased  radiation  and  that  much  air  may  be 
warmed  moderately  rather  than  a  little  excef»ivcly.  It  is 
oAeD  advisable,  especially  in  assembly-  or  scliool-rooius 
and  the  like,  to  surround  the  stove  with  a  sheet-iron 
cylinder  extending  from  the  floor  toward  tli*^  ceiling,  and 
to  bring  in  between  this  and  the  stove  a  supply  of  &esh 

Fio.  20. 


Jacketed  lenlllBtttig  utovi;.    <IlARii[Non>N.j 

air  from  without.  This  air  becomes  heated,  anil,  ]Hissiug 
out  over  the  top  of  the  cylinder  or  dnim,  gi%-es  a  plen- 
tiful supply  of  convected  heat  and  greatly  improves  the 
ventilation.  (Fig.  20.)  A  i^uilable  outlet  must,  of  course, 
be  provided. 

Carbon  monoxide  and  other  gases  are  known  to  leak 
through  cost  iron  when  it  is  highly  heated,  so  that 
stoves  should  not  be  allowed  to  become  too  hot.     The 
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pnxltiction  of  carbon  monoxide  is  most  abundant  soon 
atU'r  fresh  fuel  is  added  to  the  fire,  and  is  e\'i(]enced  by 
the  characteristic  blue  flame  above  the  coals.  If  at 
this  time  the  escape  of  this  gas  into  the  outer  air  is  pre- 
vcntcd  by  the  careless  or  accidental  clasing  of  u  damper 
in  the  stove-pipe  or  chimney,  it  is  prune  to  pass  thmugh 
the  top  and  sides  of  the  stove  in  the  manner  indicate!, 
and  to  cause  the  acrious  and  fatal  results  so  oflen  reported. 
Therefore,  it  should  not  be  possible  to  cut  off  completely 
the  draught  from  any  coal-bumiug  stove,  nor  should  it  be 
materially  lessened  imtil  combustion  is  well  under  way. 

Other  objections  to  stoves  that  are  allowed  to  become 
too  hot  are  the  excessive  dryness  of  the  atmoBphere  which 
they  cause  and  the  unpleasant  odor  due  to  the  scorching 
of  floating  oi^uic  substances  that  come  in  contact  with 
the  hot  iron. 

The  fuel  most  commonly  use<!  in  both  grates  and  stoves 
is  either  wood  or  some  kind  of  coal  (bituminous,  anthra- 
cite, or  cannelj ;  but  gas  may  often  be  advantageously  and 
more  satisfactorily  employed  instead  of  any  of  these,  since 
the  heat  can  be  had  from  it  practically  instantaneously, 
can  be  closely  rt^ulated  in  quantity,  and  can  be  promptly 
cheeked  when  no  longer  desire*!,  and  since  there  is  no  pro- 
duction of  dust  or  ashes  in  the  room.  The  main  objection 
to  gas  is  that  for  lai^  rooms  or  prolonged  or  continuous 
heating,  it  is  nsualiy  more  expensive  than  the  other  fuels ; 
but  this  does  not  hold  good  for  small  nwms,  nor  some- 
times fiir  isolated  apartments  or  where  warmth  is  needed 
only  temporarily ;  and  it  is  very  probable  that  before  long 
file]  gas  will  bo — it  can  be  now — supplied  at  rates  which 
will  justify  a  much  more  extended  use  of  such  fuel. 

The  ordinary  kinds  of  gns-^nites  and  gaB-sl<ives,  espe- 
cially tliose  which  consume  the  gas  incompletely,  should  all 
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be  constructed  witli  fltios  to  carry  off  directly  the  products 
of  combustion,  nnd  this  particularly  when  any  lai^  quan- 
tity of  gae  is  used.  Theoretically,  when  the  gas  is  burned 
in  a  properly  adjustetl  Bunscn  or  "atmospheric"  burner, 
the  only  combustion-products  will  be  carbon  dioxide  and 
water,  tlie  former  of  which  is  rapidly  diffused  into  the 
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outer  air,  as  has  been  shown,  and  Is  not  likely  tn  be  harm- 
fiil  in  any  ipiantittcs  thus  produced,  while  the  atjucous 
vapor  is  beneficial  tt>  the  atmosphere  rather  than  otherwise. 
However,  it  seems  that  in  practice  even  these  Bunsen 
burners  may  sometimes  give  tn  the  air  a  disagreeable 
odor  (said  to  be  due  to  the  formation  of  acetylene),  and 
BO  occasionally  need  flue  connections. 

In  this  connection  it  may  be  interesting  to  describe  one 
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form  of  gas-heater  which,  so  iar  as  the  writer  knows,  is 
unique.  It  is  intended  not  only  to  consume  perfectly  tlie 
gas  it  uses,  giving  nothing  to  the  air  but  carbon  dioxide 
and  water,  but  also  fo  destroy  by  fire  the  impurities  of 
the  atmosphere  of  the  room,  thus  doing  away  with  chim- 
neys or  flues  and  the  necessity  of  much  ventilation.  By 
a  peculiar  arrangement  a  continuous  and  large  current  of 
air  is  made  to  pass  through  the  flame,  thus  burning  the 
inipuriti<»  whether  gaseous  or  solid.  The  heat  of  the 
burning  gas  is  also  used  t*)  convert  a  quantity  of  water 
into  steam,  which,  by  heating  the  containing  chamber 
or  coils  of  pijie  and  these  ijj  turn  the  atmosphere  sur- 
rounding them,  warms  many  times  the  volume  of  air  pos- 
sible to  heat  by  the  flame  alone.  In  addition,  the  humid- 
ity of  the  atmosphere  is  maintained  by  the  evaporation  of 
water  from  an  open  basin  beneath  the  fire. 

The  ordinary  openings  of  any  room  are  amply  snftident 
to  allow  diffusion  of  the  excess  of  carbon  dioxide — one- 
half  escaping  in  this  way,  according  to  Roscoe,  within 
ninety  minutes — and  to  permit  the  ingress  of  enough 
air  to  supply  all  the  needs  of  the  inmates  and  of  the  fire 
itself.  Experience  and  careful  ex]«?riments  seem  to  show 
that  the  claims  of  the  inventor  are  well  founded,  and  that 
the  apparatus  is  healthful  in  its  oj»eration  and  produces 
no  harmful  effect."  even  after  continued  use  for  several 
months.  At  any  rate,  there  seems  to  be  no  reason  why 
we  may  not  purify  the  air  by  fire  instead  of  by  dilution 
and  removal,  the  methods  employed  in  the  hitherto  de- 
scribed systems  of  ventilation. 

Oil-stoves  are  now  used  quite  extensively,  and,  beeide 
being  portable,  have  the  same  advantages  as  gas-stoves, 

,  that  a  considerable  quantity  of  heat  may  be  had     , 
quickly  and  just  as  long  as  it  is  desired,  and  at  s  &irly 
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moderate  cost.  The  combustioo-producta  necessarily  mix 
directly  with  the  atmosphere  of  the  room,  and  where 
reasonably  perfect  burning  is  iiad  doubtless  consist  of 
little  elst'  than  carbon  dioxide  and  water.  One  pound  of 
oil,  the  hourly  consumption  of  a  rather  large  stove,  will 
require  about  150  cubic  feet  of  air  for  its  complete  com- 
biistiim,  and  will  produce  about  25  cubic  feet  of  carbon 
dioxide. 

"  We  do  not  think  that  the  experience  has  yet  been 
accumulated  which  would  enable  us  to  speak  positively 
of  the  innocuousness  of  a  considerable  admixture  of  car- 
bonic acid  with  the  air  we  breathe;  but  the  knowledge 
that  in  hundreds  of  cases  oil-stoves  are  usetl  ibr  heating 
living-rooms  and  even  bed-room*,  without  apparent  injury 
to  the  occupants,  makes  one  feel  fairly  t^nfidcut  that  the 
products  of  the  complete  combustion  of  hydrocarbons  are 
not  injurious  when  mixed  with  such  an  amount  of  air  as 
is  sufBcient  to  dilute  to  a  proper  degree  the  respiratory 
products.  .  .  .  Experiments  show  that,  provided  the  com- 
bustion of  the  oil  is  complete  and  that  the  ventilation  is 
sufficient  for  the  ordinary  efl'ects  of  respiration,  the  use 
of  oil-stoves  for  heating  purposes  may  lie  advantageously 
employed  in  both  day-moms  and  sleeping-rooms.  The 
efficacy  of  oil-stoves  is  increased  by  placing  over  them 
a  difitiser  or  radiator,  so  as  to  prevent  the  heated  prixhicts 
ascending  direct  to  the  ceiling ;  care  needs  also  to  be  taken 
diat  only  the  better  kinds  of  mineral  oil  are  used ;  if 
inferior  qualities  of  oil  are  burnt,  perfect  combustion  is 
more  difficult  (o  obtain," ' 

The  above  remarks,  as  far  as  they  apply  to  the  healthful 

nse  of  the  air,  may  probably  be  used  with  equal  justice  in 

r^ard   to  ga.s-stoves,   provided  that  with  such  dilution 

1  Natter  and  Firtb,  p.  338, 
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tbeir  products  give  no  obviously  harmful  or  disagreeable 
results. 

The  heating  apparatus  thus  far  described  is  such  as  wc 
are  accustomed  to  employ  for  wurmiug  the  air  of  single 
or  possibly  of  adjoining  rooms.  Where  a  whole  dwell- 
ing ur  otlier  large  buildiug  is  to  be  heat^tl,  it  will  usually 


be  of  advantage  to  do  this  from  one  point,  and  that  not 
in  any  of  the  living  apartments.  In  this  way  we  shall 
have  a  centralization  of  fuel,  Imth  iinburned  and  burning, 
and  the  ability  to  derive  more  heat  from  It;  a  lessening 
of  the  labor  and  attention  bestowed  on  the  fires;  the  obvi- 
ation  of  niucb   dust,  dirt,  and   combustion-products   in 
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IIviDg-ruoms,  and,  presumably,  a  more  equable  and  satift- 
factury  warming  ol'  the  wbole  building.  From  euch  a 
ventral  point  llie  heat  is  dislributed  by  hot  air,  hot  water, 
or  steam,  or  by  but  uir  in  comljiiiatioii  with  either  of 
the  two. 

Hot-air  furnaces  supply  a  iai^  amount  of  convwted 
but  no  radiant  heat.  There  in  a  very  prevalent  opinion 
that  they  are  not  healthful,  and  that  wherever  possible 
they  should  be  rejflueed  by  some  other  means  of  heating. 
But  when  properly  eonstructed  and  rarett  for,  a  hot-air 
furnaw  of  the  proper  size  is  not  only  a  good  heater,  but 
also  a  powerful  ventilating  agent,  for  the  lai^  supply  of 
air  patting  through  it  into  the  rooms  above  must  in 
turn  find  an  exit  either  through  specially  devised  out- 
lets or  through  the  innumerable  eracks  and  crevices 
around  all  doors  and  windows,  and  the  ventilation  will  be 
accordingly. 

One  frequent  stuirce  of  trouble  is  too  small  a  fire-pot, 
giving  insufficient  heating  snrface  and  ne<iessitating  too 
rapid  and  too  intense  otmhustion  of  fuel.  There  should 
be  a  considerable  expanse  of  surface,  never  too  highly 
heated,  so  that  large  volumes  of  air  will  be  moderately 
warmed  rather  than  small  quantities  overheated  and 
■  "  burued."  Air  loo  highly  heated  is  very  dry  and  offen- 
sive to  the  senses;  also,  by  taking  excessive  moisture  from 
the  body  through  the  skin  and  mucous  membranes  and  by 
exciting  glandular  activity,  it  increases  the  liability  to 
frequent  "  eolds "  and  congestions.  Moreover,  a  lai^ 
quantity  of  air  moderately  warmed  will  perforce  be  car- 
ried to  all  the  rooms  of  the  house,  warming  them  equably 
and  driving  before  it  the  air  already  there:  whereas  a 
much  smaller  volume,  excessively  heated  by  the  same  or 
even  a  greater  amount  of  fuel,  will  make  its  way  along 
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the  cbannels  of  Icaiit  r^istanco  to  a  few  favorably  located  I 
rooms,  overheating  them  while  the  rest  of  tho  liouse  is  un-  ] 
wamied,  and  any  satisfactorj'  natural  ventilation  is  pr^  I 
vented. 


All  juintiii  in  the  furnace  must  l>e  as  nearly  gas-tight  as 
e  to  prevent  the  combusticm-products  passing  from 
tile   fire-i)ox   or  smoke-flues  into  the  air-chambers 
thence  info  the  rooms  above. 


bers  and  ^^^| 


PRACTICAL  POINTS  ABOUT  FURNACES. 

The  ftirnuce  should  be  lucated  ntair  the  cold  side  of  the 
house — that  is,  the  side  on  which  tiic  prevailing  cold  winds 
impinge — for  it  ia  said  to  be  as  difficult  to  drive  the  air 
ten  feet  againtit  the  wind  as  forty  or  fifty  feet  with  it. 
It  may  also  be  well,  if  the  basement  ceiling  is  low,  tu  place 
the  a»h'pit  below  the  level  of  the  basement  floor,  in  order 
to  ^ve  sufficient  slope  to  tiie  air-ducts;  but  in  every 
case  the  space  beneath  the  furnace  should  be  floored  a 
lined  with  cement  or  asphalt  to  prevent  the  drawing  in  of 
soil-air. 

The  air-supply  should  not  be  taken  from  the  cellar, 
even  though  the  hitter  be  apparently  clean  and  free  from 
contamination  with  soil-air,  but  should  come  from  a 
clean  source  outrof-doors,  well  above  the  ground-level 
and  from  the  direction  of  the  prevailing  winds.  The 
oold-air  duct  or  ducts  should  be  screened  at  the  entrance 
to  prevent  the  admission  of  refa-ie  or  venniu,  should  be 
arranged  to  permit  of  regular  cleaning,  should  have  a 
damper  to  regulate  the  supply  of  air,  and  should  have  a 
croes-section  of  at  least  two-thirds  of  the  combined  sec- 
tional area  of  the  hot-air  flues  leading  from  the  furnace. 
The  importance  of  a  large  air-inlet  cannot  be  too  strongly 
empiiasizerl,  fiir  u[K>n  this  feature  may  most  depend  the 
BBtisfailory  action  of  the  furnace.  It  may  be  desirable  to 
provide  for  filtration  of  the  air  tlirough  coarse  cloth  or 
fine  wire-gauze,  especially  if  there  be  much  dust  in  the 
incoming  air.' 

If  possible,  the  Imt-air  flues  or  ducts  should  not  be  loo 
narrow  in  cross-section,  but  nmnd  or  square  to  lessen 
fHotion ;  and  for  the  same  reason  they  should  be  as  direct 
in  their  course  and  as  nearly  vertical  as  possible.  They 
ahould  bo  covered  from  the  fiirnace  to  the  registerHipoiiinga 


e  pattr  in7. 
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with  asbestos  or  other  non-condueting  material  to  prevent 
the  loss  of  heat  that  otherwise  escapes  from  them  into  the 
cellar  and  between  the  partitions.  Lastly,  their  register- 
openings  into  the  rooms  should  not  face  the  windows  or 
prevailing  winds,  unless  it  be  unavoidable,  for  if  they  do 
the  passage  of  warm  air  into  the  rooms  will  often  be 
almost  if  not  completely  checked. 

The  following  table,  from  CopHn  and  Bevan,  gives  the 
proper  size  for  hot-air  flues  and  registers : 


First  Floor. 


Size  of  room  in  cubic 
feet 


Less  than  1500 
1500  to  2000    . 
2000to3000    . 
3000  to  4000    . 


Sixe  of  pipe. 


If  round. 


7  inches 

8 

9 

10 


i« 


If  square. 


Size  of  register. 


If  round,  i     If  square. 


4X9  inches      9  inches 


4  X  12  " 
4  X  16  '• 
4  X  18  " 


10 
12 
12 


7  X  10  inches 

8  X  10  " 

8  X  12  " 

9  X  14   " 


Economy  will  be  subserved  in  most  cases  by  taking 
care  to  bum  the  fuel  in  hot-air  furnaces  quite  slowly, 
since  in  this  way  larger  quantities  of  air  are  warmeil  and 
more  satisfactorily,  and  there  is  also  less  waste  of  heat 
through  the  smoke-flues  and  up  the  chimney.  Moreover, 
it  is  the  experience  of  the  writer  that  by  working  the 
furnace  in  this  way  at  low  pressure,  so  to  speak,  the  air 
from  it  will  be  less  likely  to  become  too  dry,  nor  will  it 
need  the  addition  of  so  much  moisture,  something  essen- 
tially necessary  and  yet  most  often  neglected  where  com- 
paratively little  air  is  excessively  heated. 

The  amount  of  water  to  be  added  also  depends  upon 
the  humidity  and  temjxjrature  of  the  out-door  atmosphere. 
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When  the  latter  is  but  little,  if  at  all,  below  the  freezing- 
point  and  is  almost  »tturate(l,  and  when  the  in-door  air  is 
but  moderately  warmed,  as  su^ested,  the  lack  of  added 
moiatun?.  may  scarcely  be  noticed ;  while  if  the  air  without 
be  at  the  same  time  dry  and  very  cold,  its  actual  content 
of  water  will  be  very  little,  and  much  added  moisture 
will  be  needed  to  make  it  either  comfortable  or  healthful, 
even  though  warmed  to  only  a  moderate  degree.' 

"  Concerning  the  need  of  iusuring  &  normal  amount  of 
moisture  in  the  air  of  heated  buildings,  there  is  more  or 
less  difference  uf  opinion,  but  the  weight  of  evidence  from 
a  medical  standpoint,  and  from  our  own  sensations,  points 
to  the  advisability  of  introducing  an  amount  of  moisture 
sufficient  to  bring  the  relative  humidity  of  the  air  to  50 
or  56  per  cent.  .  .  .  Air  at  25°  F.,  saturated  with  moist- 
ure and  then  heated  to  70°,  would  need  over  a  half-pint 
of  water  in  every  thousand  cubic  feet  to  give  it  a  hu- 
midity of  65  per  cent.,  and  this  is  far  in  excess  of  the 
capacity  of  the  ordinary  water-pot  of  the  furnace,  as  is 
Been  when  we  reckon  what  half  a  pint  per  thousand  cubic 
feet  means  in  the  course  of  a  day." ' 

When  it  is  necessary  to  carry  heat  for  a  considerable 
distance  or  to  warm  lai^  buildings  or  blocks  of  buildings 
from  a  central  point,  it  will  be  better  and  more  economical 
to  employ  hot  water  or  steam  as  the  heat^transmitting 
agent,  on  account  of  the  high  specific  hesit  of  the  former 
and  the  great  amount  of  latent  heat  held  by  the  latter.  "  It 
is  uneconomical  to  convey  heated  air  any  long  distimcc, 


'  Host  motlcrQ  fnrnacua  bava  a  WHt«i^pan  from  whirh  evnporatla 
Uke  place  frcclj  into  the  warmed  air,  bnC  the  flllitig  of  this,  whi 
t«  wn'aDU,  is  so  often  neglected  thnt  c:oun«:tion  with  the  wal«r-sa]iply 
of  the  honw  hy  meana  nf  a  I1nat<valve  or  automatic  cut-oQ'  would  better 
Mire  to  seen™  a  coDslnnt  supply. 

■  Hkningtou.  pp.  430,  431. 
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as  the  amount  of  beat  conveyed  per  cubic  foot  of  air 
raised  to  any  practical  temi)erature  is  so  small  and  so 
easily  lost  in  transit.  On  this  account  Moria  considers 
the  availability  (of  hot-air  furnaces)  to  be  limited  to  a 
horizoQtul  range  of  40  or  45  feet  from  the  beating  appa- 
ratus." ' 

An  equal  quantity  of  heat,  viz.,  1  thermal  unit,  is  r^ 
quired  to  raise  1  pound  of  water  or  50  cubic  feet  of  air  1 
degree  F.,  and  accordingly  water  will  carry  more  than  four 
(4.21)  times  as  much  heat  as  an  equal  weight  of  air  at  the 
same  temperature.  "  Further,  a  greater  effect  is  produced 
when  water,  in  the  form  of  steara,  is  made  the  carrier  of 
beat,  because  1  jraund  of  water  vapor  at  100°  C.  (212°  F.) 
will,  in  condensing  to  form  boiling  water,  give  otf  suffi- 
cient heat  to  raise  the  temperature  of  5.36  pounds  of 
water  (or  4.21  X  5,36  =  22.5  pounds  of  air)  from  0°  to 
lOO-C.  (.32°  to212°F.)."* 

Hot-water  heating  may  be  by  either  the  low-pressure 
or  the  high-pressure  system.  In  the  former,  large  pipes 
^nerally  4  int^hes  in  diameter)  are  used,  and,  the  system 
being  open  to  the  air  at  its  highest  point,  the  temperature 
of  the  water  can  never  be  much  above  212°  F.  at  any  part 
of  the  system.  The  water  circulates  comparatively  slowly, 
but,  owing  to  the  large  volume,  conveys  much  heat  from 
the  furnace  to  the  places  where  it  is  needed.  The  high- 
pressure  system  employs  small  bnt  very  strong  pipes,  tlie 
water  being  completely  enclosed  from  the  outer  air,  where- 
fore it  attains  a  high  temperature,  usually  almut  300°  F., 
and  circulates  rapidly.  The  necessary  expansion  is  pro- 
vided for  by  larger  ynpes  partly  filled  with  air  at  the  top 
of  tlie  circuit.     The  maximum  temperature  is 
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by  the  proportion  of  pipe,  usually  one-tentli,  exposed  to 
the  fire.  Either  of  tiie  hot-water  systemB,  but  especially 
the  low-pressure  uue,  requires  uireful  plauning  and  setting 
tu  maintain  evenness  of  circulation  ;  and  when  the  latter 
is  complicate<l,  as  by  many  radiators  at  various  levels,  or 
where  a  number  of  circulations  have  to  be  supplied  from 
the  same  Ixiiler,  it  may  be  very  difGcult  to  maintain  an 
even  head  and  an  w^uable  distribution  of  heat  in  alL 
"  If  pro[)erly  constructed  and  the  heating  planned  for 
when  the  house-plans  are  made,  t]m  hot-water  system  is 
ppobnl)ly  the  most  economical,  both  in  fuel  used  and 
rejmirs  demanded." ' 

Steam-heating  methods  are  usually  quite  satisfactory, 
uot  only  because  of  the  large  quantity  of  heat  carried,  but 
also  since  a  rapid  circulation  is  readily  maintained  even 
under  adverse  circumstances.  The  size  of  pijje  used  will 
depend  on  the  extent  of  the  distribution,  but  the  calibre 
of  the  radiator  should  always  be  considerably  larger  than 
that  of  the  supply-pijK-s  in  oriier  to  favor  condensation 
and  the  courteciuent  liberation  of  httent  heat,  and  every 
facility  should  be  jirovided  for  the  speedy  return  of  the 
condensed  vapor  to  the  boiler.  Care  must  also  be  taken 
to  prevent  the  condensation  occurring  iu  such  a  way  aa 
to  cause  obstruction  to  the  flow  of  the  steam  and  tlie  dis- 
agreeable thumping  and  noise  that  result. 

With  either  steam-heating  or  hot-water  heating  the 
direct,  the  indirect,  or  the  direct -indirect  method  of 
radiation  may  I>e  used.  Of  these,  the  dired  method — 
that  is,  where  the  radiators  are  placed  in  the  rooms  to  be 
warmed — is  most  commonly  employed  in  dwellings  and 
other  buildings  of  moderate  size ;  but  it  is  open  to  the 
objections  that  in  itself  It  does  not  bring  about  a  sufficient 
'  Coplin  aiiil  Bevsn,  p.  335. 
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change  of  air,  that  the  necessary  inlets  and  outlets  for  the 
latter  are  rarely  provided,  and  that  when  present  they 
are  independent  of  the  heating  system  of  the  house.  Of 
course,  these  objections  are  wanting  when  the  direct  is 
combinetl  with  the  indirect  method,  or  when  a  plentiful 
supply  of  pure  air  is  brought  from  without  and  ia  warmed 
by  being  ma<lc  to  pass  through  the  radiators  (either  open 
or  enclosed  in  boxing)  before  diffusing  through  the  nwm. 
In  tlie  indirect  method  the  radiators  are  placed  outside  of 
the  room  in  suitable  and  convenient  enclosures,  into  which 
fresh  air  is  brought  from  out-of-doors,  and  from  which  the 
warmed  air  is  convoyed  by  suitable  conduits  to  the  re- 
spective rooms  above.  The  direct-iiulirccl  method  locates 
the  radiators  in  the  room,  but  encloses  them  and  provider, 
inlets  to  the  boxing  from  without,  so  that  the  entering  ail 
must  ]uiss  over  the  beating  surface  and  be  warmed  befoi 
entering  the  room.  If  projwrly  arranged,  both  the  indireot 
and  the  direct>-indirect  methods  should  furnish  good  and 
ample  ventilation,  the  incoming  warm  air  pushing  the  used 
air  of  the  room  ahead  of  it  through  the  various  openings 
in  the  walls  of  the  room.  Safety-valves  on  steam  boilers 
lessen  the  risk  of  explosions,  and  automatic  thermo- 
rcgnlators  make  it  possible  to  maintain  a  practically 
even  temperature  throughout  the  house  or  building 
alt  times.  But  there  must  be  some  arrangement  fo 
supplying  additional  moisture  to  the  warmed  air,  just 
with  hot-air  furnaces,  for,  contrary  to  the  opinion  of 
many,  neither  the  steam  nor  hot-water  systems 
the  atm<^>f«pheric  humidity. 

In  the  clinical  amphitheatre  of  the  Medico-Chinirgical 

College  of  Philadelphia  the  indirect  system  is  employed, 

I  &&  details  being  as  follows  :  The  out-door  air  is  brought 

1  near  the  roof-level  through  a  large  shaft  into  tiie 
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cold-air  room,  where  it  ia  moistened  by  a.  spray  and 
whence  it  passes  through  a  dust-filter,  consisting  of  a 
double  layer  of  fine  wire-gauze.  Thence  it  passes  through 
tempering  radiators  (to  raise  the  temperature  partially) 
into  the  revolving  fan,  driven  by  its  own  engine,  whence 
part  passes  through  a  second  and  larger  radiatur  to  be 


Oia  aedjco-chirurglcal  Collei 

at «(  (be  rrullBlora  !■  not  yvl  appllfd.)    Tempering  ndlalor  si 
nidUtor  at  right :  ciulug  of  &n  between. 

further  warmed,  and  part  below  the  latter,  the  two  cur- 
rents again  uniting  and,  after  mixing,  passing  through  the 
flues  into  the  amphitheatre  above.  In  this  the  tempera- 
ture is  regulated  by  a  thermostat,  the  latter  governing  a 
damper  (not  shown  in  Fig.  24)  which  always  permits  the 
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same  volume  uf  air  to  pass  into  the  &ue»,  but  controls 
tlie  respective  proportiona  of  heated  and  tempered  air,  ho 
that  the  mixture  practically  does  not  vary  in  tfmjierature.  * 
lu  this  way  900,000  cubic  feet  of  air  at  a  lixetl  tempera- 
ture can  be  supplied  per  hour.  For  the  private  operating- 
rooms  the  system  is  the  same  except  that  the  tem)iered 
and  the  heatetl  air  are  not  mixed,  but  each  is  carried  by 
separate  Hues  to  double  n'glsters  in  tlie  operating-rooms. 
In  this  way  each  operator  can  have  the  temperature  that 
he  desires  in  his  room  at  any  time. 

Another  excellent  method  is  to  use  the  plenum  system, 
and  to  warm  or  "  temper  "  the  incoming  air,  either  before 
or  after  it  passes  through  the  driving  fan,  to  a  tempera- 
ture just  below  that  desired  in  the  rooms,  in  which  steam 
or  hot-water  radiators  are  suitably  located.  The  air  will 
then  pass  from  tiie  inlets  more  or  less  directly  to  the  radi- 
ators and  be  additionally  warmed  by  them  before  rising 
above  the  lower  leveb  of  tlie  room.  In  this  way  the  cir- 
culation and  distribution  of  the  fresh  air  are  much  im- 
proved, and  there  is  less  likelihoo<l  of  it  going  directly 
from  inlets  to  outlets. 

To  determine  the  amount  of  radiating  surface  needed 
for  any  room,  we  must  multiply  the  volume  of  air  to  be 
heatetl  per  hour  by  the  difference  between  its  temperature 
in  dt^reea  Fahrenheit  before  and  after  warming,  and  di- 
vide this  product  by  50,  the  quantity  of  air  in  cubic  feet 
raised  1  degree  F.  by  1  thermal  unit.  This  will  give  the 
number  of  heat-units  required  to  warm  the  air.  Then 
this  quotient  must  be  divided  by  the  difference  between 
the  temperature  of  Ihe  radiating  surface  and  that  of  the 
air  when  finally  warmed  multiplied  by  1.75,  the  number 
of  thermal  units  given  off  per  hour  by  1  square  fofrt  of 
hot-water  or  steam-pipe  for  each  Fahrenheit  degree  of 
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heat  it  loses.  This  will  give  the  area  of  hot-water  or 
steam-pipe  required  to  warm  the  given  volume  of  /dr. 
Thus,  to  warm  6000  cubic  feet  of  air  per  hour  fh)m  20° 

to  70°  P.  will   require  60qOO<_(70^^^  _  ^^^  ^^^ 

50 

units^  and  if  the  surface  of  the  radiator  be  200°  F., 

7^o^;z^ — ^^ r-^  =  26.37  square  feet  will  be  the  area 

(200°  — 70°)  XI. 75  ^ 

of  radiating  surface  required.     To  this  must  be  added  at 

least  one-half  square  foot  for  each  square  foot  of  window 

glass  and  for  each  square  yard  of  outer  wall  exposed. 


CHAPTER    V. 


WATER. 


Next  to  air,  water  is  the  most  important  of  all  sub- 
stances necessary  to  human  life.  While  it  hoa  been  often 
demonstrated  that  man  may  do  without  food  for  a  consid- 
erable length  of  time,  even  for  several  weeks,  he  can  prob- 
ably not  survive  much  more  than  ten  days  without  water. 
Not  only  must  one  have  sufficient  to  supply  the  internal 
wants  of  the  body  and  to  replace  that  lost  by  excretion, 
evaporation,  and  respiration,  but  from  a  sanitary  point  of 
view  a  plentiful  supply  is  also  needed  to  maintain  clcanli- 
oees  of  bodies,  clothing,  and  dwellings,  and  oftenti 
remove  sewage,  excreta,  etc.,  from  the  vicinity  of  inhab- 
ited places.  The  care  of  furnishing  water  in  abundance' 
and  of  maintaining  its  purity  is  therefore  entirely  within 
the  domain  of  tlie  physician  and  the  sanitarian. 

Before  inquiring  into  the  sources  whence  we  obtain  the 
water  that  we  use,  it  will  be  well  to  know  what  amount  is 
required  by  the  body  for  its  daily  needs  and  how  much 
for  other  necessary  purposes,  so  that  we  may  be  able  to 
judge  not  only  whether  a  given  source  furnishes  pure 
water,  but  also  whether  it  gives  a  sufficient  supply  of  it. 

The  average  adult  should  take  from  70  to  100  fluid- 
ounces  per  day  fnr  nutrition  and  internal  neftls  of  the 
body  alone — about  one-third  of  this  being  a  component 
part  of  the  food  and  the  rest  being  taken  in  as  drink.  The 
writer  is  of  the  opinion  that  the  average  person  does  not 
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imbibe  enough  water  for  the  most  healthful  action  of  his 
tiHsiieti  and  oi^ans.  Certain  it  ia  thnt  in  most  cases  ttie 
plcntiiul  use  of  a  good  drinking-water  not  only  greatly 
favoRS  the  body  metabolism,  but  also  materially  assists  in 
the  flu^liiiig  out  and  carrying  away  of  the  various  wastes 
and  excreta  of  the  system. 

In  addition  to  tliis  we  must  supply  a  sufficiency  for 
cooking  and  for  washing  the  food,  body,  clotliing,  house- 
bold  utensils  and  partti  of  the  house  itself,  and  Ui  remove 
the  household  waste  and  sewage  through  the  drains  and 
sewers  provided  tor  that  purpose.  Cleanliness  is  an  essen- 
tial requisite  lor  the  preservation  of  health,  and  cleanly 
habits  should  be  inculcated  among  all  classes  of  people 
and  every  facility  provided  for  removing  filth  of  all  kinds 
from  persons,  clothes,  and  dwellings.  This,  of  course, 
cannot  be  done  without  an  abundant  supply  of  wat^r. 

Experience  shows  that  about  25  gallons  per  head  per 
day  ehoulil  l>e  furnished  for  the  above  purposes,  and  as 
tile  quantity  used  by  domnttic  animals,  manufacturing 
establishments,  municipal  needs,  etc.,  must  be  added  to 
tills,  50  gallons  or  even  more  \wr  capita  should  be  the 
daily  quota  wherever  it  is  at  all  |M>ssibIc.  And  though  a 
supply  that  permits  of  excessive  waste  may  be  inadvisable 
and  expensive,  both  in  its  provision  and  on  account  of 
increasing  the  cost  of  carrying  it  away  after  use,  it  is 
ftlways  better  to  ba\'e  too  much  than  (*»  little,  and  the 
disitdvantagcs  of  tiw  scanty  an  amount  are  much  greater 
than  those  of  one  too  large. 

It  should  lie  stated,  however,  tliat  most  foreign  cities 
■re  supplied  with  much  loss  water  per  capita  than  is 
apparently  needed  by  the  municipalities  of  this  country, 
and  TPt  thcv  scnm  to  have  an  abundiiucc  for  all  necessary 
purposes   and  llic   requirements  of  public  health.      For 
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iostance,  London,  with  a  jxtpuUttion  of  over  five  niillioiiB, 
has  aa  average  daily  supply  that  but  sliglitly,  if  at  all, 
exceeds  that  of  Philadelphia  with  one-fuurth  the  number 
of  inhabitants ;  while  Berlin,  which  has  about  the  same 
population  as  Philadelphia,  had  in  1893  an  average  daily 
supply  of  filtered  water  of  only  18.4  gallons  per  head,  all 
of  which  was  sold  to  consumers  by  meter,  but  to  which 
must  be  added  considerably  more  that  was  from  wells  and 
other  soureea  and  was  exclusively  used  for  maimfHcturing 
purjMses,  runnmg  machinery,  etc.  Undoubtedly  the  quan- 
tity waiftcd  in  many  of  the  cities  in  this  country  is  exces- 
sive, and  the  cost  of  supplying  that  part  of  the  total  quota 
would  go  a  long  way  toward  improring  and  rendering 
pnre  and  safe  the  rcmBiDing  part  that  is  absolutely  needed. 
Whether  the  compulsory  use  of  water-meters  is  tlie  best 
way  of  bringing  iilmut  an  improvement  in  this  respect 
remains  to  be  determined ;  but  it  is  also  a  question  whether 
our  laiger  cities,  with  rapidly  increasing  populations,  can 
aftbi-d  to  continue  to  use  the  means  necessary  to  purify 
the  enormous  and  increasing  quantities  of  water  daily 
supplied  to  their  respective  consumers. 

As  only  a  small  portion  of  the  quantity  indicated  above 
is  required  for  the  internal  needs  of  the  body,  it  han  been 
suggested  that  two  kinds  of  water  be  furui.she<l  to  each 
dwelling — one  for  drinking  and  cooking  purposes  and  for 
the  washing  of  the  btxly,  to  which  especial  attention  as  to 
purity  should  be  given ;  and  another  kind  for  all  other 
purposi-s,  its  composition  and  purity  being  disregarded, 
excepting  possibly  as  concerns  the  hardness.  This  would 
enable  the  authorities  to  furnish  a  water  purer  than  usual 
for  those  needs  wherein  purity  is  of  the  greatest  impoi^ 
tance,  and  would  obviate  the  necessity  of  furnishing  pure 
water  abundantly  for  all  purposes ;  but  tlie  scheme  would 
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necetMitate  a  double  set  of  reservoirs,  mains,  distributing 
Hp[>araliis,  etc.,  tlius  materially  increasing  the  cost;  and 
there  would  always  be  present  the  danger  of  the  careless 
or  ignorant  using  the  impnre  water  for  bodily  needs,  thua 
increasing  tbe  risks  and  bad  results  that  wo  wish  to  avoid. 
Therefore,  wherever  there  may  be  an  abtmdanoe  of  pure 
water  for  all  personal  and  domestic  purposes,  if  the 
authorities  but  take  pains  to  furnish  it,  it  will  be  best 
to  have  but  one  supply  in  dwellings,  and  this  as  pure 
and  abundant  as  money  and  the  ablest  sanitary  skill  can 
make  it ;  though  thert;  may  be  little  or  no  objection  tu  using 
a  ilifierent  water  for  factories,  stables,  city  functions,  etc. 

As  to  tbe  question  of  supply  through  meters,  it  may  be 
added  that  the  su^;estion  bos  been  made  that  the  regular 
charge  for  water  begin  only  after  a  certain  specified  amount 
per  month  per  capita  or  per  household  has  been  furnished 
free  or  at  the  lowest  possible  cost,  thus  doing  away  with 
the  objection  tliat  those  who  need  the  water  most  for  per- 
sonal and  sanitary  uses  would  be  tempted  to  eoooomize  too 
much  if  they  had  to  ymy  fnr  all  they  consumed.  Whether 
a  city  could  afTurd  to  do  this,  would  have  t4>  be  carefully 
considered,  an<l  would  probably  depend  largely  upon  local 
cireumatances. 

Another  method  is  "to  assess  every  owner  of  premises 
where  water  la  used  (and  measured  by  meter)  a  certain 
moderate,  but  fixed,  sum  yearly,  even  though  water  used 
at  the  F^ular  rate  per  thousand  gallons  does  not  call  for 
BO  much  charge."  This  sura  would,  of  course,  be  con- 
wderably  less  than  tbe  rate  necessary  under  the  old 
method,  and  in  itself  would  be  an  inducement  to  the 
introductio[i  and  use  of  meters. 

Experience  shows  that  meters  greatly  reduce  the  total 
(XBiBUmptlon  of  water,  since  it  is  to  the  direct  advantage 
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of  I'ach  coDBumer  to  check  reckless  waste  on  his  own 
premises,  wliich  is  otherwise  ueglected  because  it  does  not 
afiPect  the  yearly  charge  umi  cost  of  water  to  him.  Meters, 
wherever  used,  seem  to  have  materially  redue«l  both  the 
cost  of  water  to  the  consumer  and  the  cost  of  sup[ilying 
it  on  tlie  part  of  the  city  or  other  owners  of  the  water- 
works. It  orny,  however,  otleu  be  advisable  for  the  latter 
to  own  and  control  the  meters,  as  do  gas-companies. 

Sources. — Practically,  all  drinkiug-water  lias  at  some 
time  or  other  fallen  uytou  the  earth  from  the  atmosphere  in 
the  form  of  rain,  hail,  snow,  or  dew ;  but  when  we  speak 
of  its  source  we  have  reference  rather  to  the  immediate 
place  or  locality  from  which  we  collect  it  lor  nse.  The 
rain  on  reaching  the  earth  is  disposed  of  in  three  ways  : 
[jart  at  once  evaporates  and  goes  back  to  tlie  atniosjthert-, 
part  flows  off  according  to  the  slope  of  the  ground  and 
collects  in  pools  and  streams,  and  part  sinks  luto  the 
st)il.  The  ratio  which  these  three  portions  Iwar  to  one 
another  de|K'nds  on  the  time,  ]>lace,  character  of  soil, 
amount  of  rainfall,  etc.  Consequently,  we  may  classify 
the  sources  of  potable  waters — as  Ijeflinann  does — as  fol- 
lows :  raiii-walei;  collected  immediately  as  it  falls  in  the 
form  of  rain,  dew,  snow,  etc, ;  nii,rf(ie^-ieatcr,  collected  in 
pinds,  lakes,  streams,  etc.,  and  in  free  contact  with  the 
air;  suhaoil- or  ground-Koier,  derived  mainly  from  the  min- 
or surface-water  of  the  district,  but  which  percolates  and 
flows  through  the  subsoil  and  is  therefore  not  exposed 
dtrcelly  to  the  atmosphere ;  deep  or  artegian-waUr,  which 
is  se])united  from  the  ground-water  of  the  district  by  one 
or  more  practically  impermeable  strata,  aud  wliich  nocu- 
mulates  at  a  considerable  depth  below  the  surface.  Springs 
are  the  result  of  the  outcropping  of  water-bearing  strata 
below  the  level  of  tlie  water-line  in  them,  aud  fumleh 
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either  subs<Hl-  or  artesian- water,  acL-ording  to  tlie  kind 
coDtuiiied  iu  the  res|>ective  strata. 

Rain-water  is  theoretically  the  purest  at  our  command, 
but  in  reality  It  taken  up  mauy  impurities  from  the  air  iu 
its  fall,  especially  in  the  ueighborhood  of  human  habita- 
tions and  commuuttii's,  oud  by  the  time  it  reaches  the 
ttarth  contains  ammonia,  nitrous  and  nitric  acids,  and,  in 
towns,  Bulphumus  acid,  soot,  many  bacteria,  and  even 
microscopic  plants.  Moreover,  and  especially  after  con- 
tinued dry  weather,  the  collecting  surfoce  upon  which  it 
falls  is  apt  to  be  coveretl  with  dust  and  impurities  of  all 
kinds,  which,  being  taken  up  by  the  rain-water,  tend  to 
make  it  unfit  for  use.  But  if  there  l»e  some  arrangement 
for  turning  aside  the  first  jtortion  of  the  rain,  it  contain- 
ing the  most  of  the  impurities,  and  if  the  remainder  be 
filtered  aud  stored  In  proper  receptacles,  the  water  may  be 
of  excellent  quality. 

The  main  objection,  however,  to  the  sole  use  of  rain- 
water is  that  <lependence  is  placed  upon  a  very  uncertaio 
source,  and  one  which  is  especially  apt  to  fail  when  an 
increased  supply  is  most  needed.  The  average  rainfall 
in  Philadelphia  is  ab<tut  39  inches  per  year ;  in  very  wet 
years  it  is  about  one-third  more,  and  in  very  dry  yeara 
about  one-third  less  than  the  annual  average.  Each  inch 
of  rainfall  gives  4.67  gallons  per  square  yanl  of  area  on 
which  it  falls,  equivalent  to  22,617  gallons  per  acre. 
Allowing  60  square  feet  of  collecting  surface  per  head, 
and  estimating  the  la-^  by  evaporation,  etc.,  at  20  per  cent., 
an  annnid  rainfall  of  30  inches  would  give  only  about  2 
gallons  per  head  per  day,  or  just  about  sufficient  for  cook- 
ing and  drinking  purposes  and  none  for  the  other  needs 
of  the  household. 

Rain-water  may  l>c  colWt«l  fntm  roofs  or  from  a  pli>t 
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of  ground  paved  for  the  purpose  witli  slate  or  cement,  and 
be  led  by  proper  conduits  to  a  cistern.  It  should  be  filtered 
(Fig.  25)  before  pucising  into  the  cistern,  while  the  cistern 
itself  should  be  such  as  to  give  no  unpleasant  taste  or  in- 
jurious substance  to  the  water,  should  be  so  situated  that 
it  will  receive  no  rubbish  or  impurities  and  that  the  water 
may  be  kept  cool,  and  should  be  cleaned  regularly  and 
euliiciently  oflen  to  keep  the  water  sweet  and  wholesome. 
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As  rain-water  contains  considerable  carlwn  dioxide  and 
other  gases,  its  solvent  powers  are  Jnereased,  and  cisterns 
should  not  be  lined  with  lead,  copper,  ^inc,  nr  iron,  lest 
these  nietjils  be  taken  np  by  the  water  and  produce  harm- 
fiil  results.  These  remarks  do  not  apply  to  the  so-called 
rustless  iron  now  mnch  used  ;  but  galvanized  iron  should 

'  Fig.  25  illnslratraa  fillip  for  Bn  underRrouiid  ciitem.    Oneorsimilu 
coDBtmelion  cnn  W  rcwlily  made  for  dBtems  above  BroDnd.  the  la 
~  ig  alwayi  prcferablB. 
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not  be  used,  a8  it  maj  give  up  zinc  to  the  water.  Cement 
sliuuld  ultio  be  used  in  lining  brick  or  ^t^iiie  cisterns  instead 
of  murtur,  us  the  latter  muy  luld  lime  to  the  water  aud 
render  it  hard. 

Underground  cisterns  for  storing  rain-water  should  be 
avoided  where  possible,  siuce  they  are  liable  to  soil-air  or 
sewage  contaminatioD  unless  absolutely  air-  and  water- 
tight. Nor  should  the  overflow  pipe  from  u  cistern  open 
into  a  soil-pipe  or  sewer-pipe  or  drain,  but  always  into 
the  ©[wn  air,  since  water  is  very  prone  to  absorb  the  vari- 
ous gases  with  which  it  comes  in  contact  and  the  sewer- 
air  may  readily  contaminate  the  entire  contents  of  the 
ciatern. 

Rain-water  is  especially  valuable  for  cooking  and  wash- 
ing on  account  of  its  softness,  water  being  called  "  hard  " 
when  it  contains  an  exce^  of  the  salts  of  calcium  or 
magnesium  in  solution.  Hardness  due  to  the  presence 
of  calcium  bicarbonate  is  said  to  be  temporary,  lieoanse 
it  disappears  when  the  water  is  lK)iled,  one  molecule  of 
carbon  dioxide  being  driven  oEF  by  the  heat  and  leaving  the 
insoluble  calcium  carbonate  behind.  Hardness  due  to  the 
other  salts  of  calcium  and  magnesium  is  called  permanent, 
because  it  Ls  not  removed  by  boiling.  In  cooking  with 
water  temporarily  hard  the  chalk  is  precipitated  upon  the 
sides  and  bottom  of  the  vessel,  and,  being  a  non-conductor, 
prevents  the  passage  of  heat  and  thus  wastes  fuel. 

Hard  water  may  also  prevent  the  proper  softening  of 
certain  foods,  such  as  peas  and  beans,  in  cooking.  In 
washing  and  laundry  work  the  calcium  and  magnesium 
salts  unite  with  the  fatty  acids  of  the  soap  and  prevent 
the  formation  of  a  lather ;  for  instance,  one  gnun  of  chalk 
destroys  the  efficiency  of  about  eight  grains  of  soap.  As 
we  do  not  call  a  water  bard  unless  it  contains  more  tlmn 
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ten  grains  of  chalk  or  its  equivalent  per  gallon,  and  as 
raiu-water  rarely  contains  more  than  one-half  grain  per 
gallon,  it  is  easily  understood  why  tlie  latter  is  so  vahiable 
in  the  kitchen  and  laundry. 

A  water-supply  taken  from  rivers  or  smalltT  struams 
not  polluted  by  the  refuse  and  sewage  from  towns,  fat 
tories,  or  cultivated  farm-lands  higher  np  the  etreai 
may  be  fairly  pure  and  safe  to  use.  The  best  water 
this  kind  will  be  from  hilly  and  uninhabitod,  uncultivated 
tracts,  with  many  small  streams  fed  by  constant  springs 
and  uniting  to  form  rapid  creeks  and  rivers.  Such  water 
may  be  tinged  slightly  with  vegetable  or  mineral  matters, 
but  in  general  such  cttloration  is  harmless.  For  storage, 
dams  may  be  thrown  across  convenient  valleys,  thus 
impounding  the  water  and  at  the  same  time  exposing  it  to 
the  oxidizing  and  aerating  influence  of  the  atmosphere 
and  alhiwing  the  stilid  impnnties  to  settle  to  the  bottom.. 
Small  lakes  or  |>onds  may  be  utilized  to  add  to  supplii 
of  this  kind,  provided  they  be  not  stagnant  nor  ha' 
much  decaying  matter  along  their  banks. 

On  the  other  hand,  water  from  a  stream  which  has 
receivetl  the  sewage  from  a  village  or  town  of  any  size,  or 
the  refuse  of  factories,  or  the  drainage  from  large  tracts 
of  cultivated  land,  sliould  be  considered  as  ut  least  suspi- 
cious. River-waters  are  generally  hard  and  may  contain 
any  of  the  minerals  in  the  soils  which  they  drain  or  over 
I  which  they  pass ;  but  the  great  <langer  is  from  impurities 
Lof  animal  origin  poured  into  them  along  their  course. 

It  is  not  safe  to  depend  altogether  on  the  self-purifica- 

ItioQ  of  sewage-contaminated  rivers,  as  wa.=i  formerly  done, 

f  thoagh  a  con.iiderable  portion  of  the  sewage  and  filth  nn- 

Idoubtedly  Is  nmoved,  part  by  oxidation  by  the  air  in  tha, 

nter,  especially  in  streams  flowing  over  dams,  rapids,  eta,^^ 
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part  by  atibaidence  or  deposition  alting  the  banks ;  part  by 
fish  an<l  animalcuk',  anti  much  by  tlio  myriads  of  sapix>- 
phytic  bactwia  whioJi  sucli  waters  fontaiii.  If  uo  i 
tioual  polbitioQ  is  added,  what  is  left  unchauged  by  the 
above  purifying  agencies  is  still  further  diluted  by  the 
supplies  of  pure  water  that  every  stream  retreivea  from 
springs  along  ita  banks  and  in  its  bed  and  from  tributary 
stream letis,  so  that,  though  the  water  may  never  be  so  pure 
an,  it  was  originally,  it  may  possibly  become  or,  by  proper 
filtration  or  treatment,  be  made  a  safe  and  usable  water. 
But  where  the  prnjiortlon  of  filth  exceeds  a  cerlaiu  pei^ 
centagc,  and  especially  where  sewage  is  being  constantly 
added,  the  contained  oxygen  is  rapidly  used  up  and  oxida- 
tion ceases,  fish  and  animalculse  cannot  live  in  the  wat«r 
for  lack  of  sufficient  oxygen,  and  though  the  heavier  and 
larger  |Mirtictes  of  the  sewage  sink  to  the  bottom  or  stick 
to  the  sides,  they  are  stirred  up  and  set  in  motion  by  any 
increase  in  the  velocity  of  the  current.  The  only  remain- 
ing agents  active  in  the  destruction  of  the  foul  matter  are 
the  bacteria,  but  in  tliemstJves  they  are  often  insnttieient 
for  the  task,  and  the  water  thus  jwlluted  is  unsafe  for  use.' 
The  greatest  danger  from  sewage  eon  tin  li  nation,  how- 
ever, is  that  it  may  at  any  time  add  to  the  water  the 
germs  of  infectious  disease,  which,  multiplying  rapidly 
and  not  being  surely  remove*!  or  destroyed  by  the  onlinary 
agents  or  methods  of  watcr-puritieation,  greatly  i 


'  According  Cci  the  rvjiort  of  th«  Rivon  Pnlluticin  Conimisslan  soma 
jcaiB  ago,  no  atmim  in  England  <b  of  sufficii-nt  length  to  piirify  itwlf 
Mttefitetorily  orthescwaKef^antnminatfon  it  is  liable  lo  recelra.  On  thl^ 
other  baud,  it  is  ouly  Tair  tu  state  that,  sccunling  to  a  recent  report 
(April,  1903)  or  the  ComniisaiaDer  of  Health  of  Chicago,  very  carcfui  and 
estensivo  inTMligation  shows  thnt  the  large  qnantily  of  stwage  from 
that  city  diitrhargpil  into  Iht>  Illiiiois  Rivpr  has  entirely  disnpiwarcd  lonf; 
b*fi>re  the  latter  empties  into  the  Mississippi. 
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the  risks  to  health.  It  oflen  forlimatfly  liappeiis 
owing  to  the  hostility  of  the  saprophytic  Imcteria 
water,  or  to  the  presence  of  certain  chemical  substances,  or 
to  otlier  unfavorable  conditions,  ns  of  tcmjteruture  and  the 
like,  these  pathogenic  organisms  do  not  multiply  so  rapidly 
as  they  otherwise  would,  and  are  therefore  not  plentiful 
enough  to  do  much  harm.  But,  as  it  never  can  be  cer- 
tainty told  when  a  water  so  contaminated  becomes  safe  for 
use  again,  and  as  the  population  of  most  towns  and  tlieil 
consequent  sewage  production  are  constantly  increasii 
while  tlie  quantity  of  water  in  the  receiving  str« 
remains  about  tiie  same  or  is  diminishing  from  year 
year,  the  use  of  such  water  should  be  avoided  if  jiosaible^ 
or,  if  it  must  be  used,  it  sliould  be  purified  and  made  rea-i 
sonably  safe  by  the  most  scientific  and  efficient  means  and 
methods  available. 

Water  from  large  fresh-water  lakes  will  be  of  the  best 
quality,  provided  it  be  taken  fnim  a  point  sufficiently 
distant  from  tlie  shore  to  escape  all  danger  of  sewage 
contamination.  Chicago  ap)>arently  lowere<l  the  mortality 
percentage  from  typhoid  fever  from  7.2  in  1801  to  2.1  in 
1895,  and  3.2  in  1 896,  by  preventing  as  far  as  possible 
the  disehaige  of  sewage  into  I^ake  Michigan  and  by 
taking  the  water-supply  from  the  lake  at  a  minimum 
distance  of  one  mile  instead  of  1400  feet  from  shore  as 
formerly.  Water  from  small  lakes  or  ponds,  and  even 
from  storage  re8er\'oirs,  may  l)econie  offensive  to  taste  and 
smell  through  the  growth  in  them  of  minute  vegetable 
organisms,  such  as  the  algffi,  though  it  is  not  known  that 
these  are  prejudicial  to  health. 

Ordinarily,  water  Iosl-s  much  organic  matter  as  it  per- 
colates through  the  soil,  but  takes  up  considerable  carbon 
dioxide   from   the  soil-air,   which   increases    its   solvent 
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powers  BO  that  it  may  aliw  dissolve  some  of  the  mineral 
cnnstitueiitJ!  of  the  soil  through  which  it  jiasses.  When 
these  mineral  substances  become  so  greut  iu  amount  as  to 
give  the  water  a  deeidcd  taste  or  miHlicinal  properties,  we 
call  it  a  mineral  wator ;  hut  when  the  inorganic  matter 
does  not  render  it  objectionable  to  the  taste  or  too  hard, 
the  water,  whether  subsoil  or  artesian,  will  usually  be 
quite  safe  and  usable  iu  so  far  as  the  mineral  matters 
are  concerned. 

Altcution  lias  already  been  called  to  the  pollution  of 
the  soil.  How,  then,  can  the  water  in  passing  through  it 
lose  its  organic  contents  and  become  pure?  Partly  by 
meclianical  filtration,  but  muiuly  through  the  combined 
action  of  the  saprophytic  bacteria  and  the  oxygen  of  the 
soil-air,  which  rapidly  iwnvert  the  organic  impurities, 
bt>th  susjieiuletl  and  dissolved,  into  simpler  and  harnde^s 
enJ-prodncta.  The  substances  of  vegetable  nature  are 
ultimately  resolved  by  these  agencies  into  carl>on  dioxide, 
water,  etc.,  while  those  of  animal  origin  and  amtaiuing 
nitrogen  give  rise  to  the  various  ammonia  com|K>uncis,  or 
may  be  further  oxidized  into  nitrous  and  nitric  acids  and 
their  salts,  all  entirely  harmless  in  the  proportions  in 
which  they  are  found  in  the  percolating  ground- water, 
but  all  of  great  value  as  nutrients  for  the  higher  plantr- 
life  of  the  soil. 

The  rate  of  percolation  has  mucJi  to  do  with  the  com- 
pleteness and  perfection  of  this  action,  for  ample  time 
must  lie  had  for  the  oi^nic  decompositions  to  occur. 
Therefore,  anything  that  retards  the  downward  flow  of 
water  favors  ils  pnrifieatinn,  and  anything  that  increases 
its  movement  decidedly  affects  for  the  worse  its  ultimate 
cjuality  and  character. 

The  ini[x)rtan(*  of  this  biologic  soil  action  can  scarcely 
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be  ovprestiinatetl,  and  the  student  should  oiidcuvor 
appreciate  not  only  the  bearing  which  it  has  in  the  great  I 
sclieme  of  nature'^  adaptntioa  of  mt^n^  Ut  ends,  bnt  alao  J 
the  importance  of  our  utilization  of  it  in  the  artificial  puri-  I 
fication  of  uur  environment  and  in  the  disposal  of  waste  J 
matters.  We  must  understand,  however,  that  for  every  "I 
soil  only  a  definite  amount  of  work  can  be  accomplisiied  I 
by  the  agencies  mentioued  and  under  the  condilionH  exist-fl 
ing  at  any  given  time.  In  other  words,  there  is  here  also  J 
a  limUof  jieniussibk  impurUy,  and  if  this  limit  is  exceeded, ' 
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the  conditions  become  nnnatumi,  the  hactcrial  and  ehcmia 
action  is  inadequate,  and  the  descending  water  is  not 
thomnglily  purifiwl  as  it  percolates  through  the  ovo*- 
chaiged  soil. 

The  sut)9oil-water  slowly  sinks  through  the  ground  until 
at  some  level  or  other  it  reaches  an  inipemiwible  stratum, 
where  it  is  retained  in  natural  basins  or  escni^es  at  some 
outcropping  of  the  stratum  l>elow  the  water-level,  thus 
forming  &  spring,  (Fig,  26.)  The  level  of  the  water 
in  these   nniler^ronnd   reservoirs  is  constantly  changing 


1 


WELL-WATER. 


151^1 


accordiDg  to  the  season,  rainfall,  dkdinrge  from  springs, 
eti;.,  tliuugli  ordinarily  the  variutiua  fur  any  given  plaw 
differs  little  from  year  to  year.  It  is  from  wells  anuk  tu 
Uie»e  water-beariDg  strata  and  from  springs  that  water 
is  obtained  for  the  majority  of  people  who  do  nut  live  in 
towns  or  eities  supplied  by  water- works.  These  nnder- 
grouud  bodies  of  water  are  in  cuastant  motion  toward  ooe 
or  more  outlet»  ut  more  or  less  distant  points,  but  the  cur- 
rents are  usually  quite  sUiggisli  owing  tu  the  friction  and 
capillary  force  of  the  particles  of  soil  through  which  they 


K^prGicntlng  the  diSprcnLv  between  gballDW  and  deep  wclln,  and  bclWDen 
the  hlgh-waier  &n<l  low-WHWr  levul  ol  the  gnniiid-BBtct;  a.toll  and  uravel; 

pass.  For  the  same  reasons  the  surface  of  the  water  is 
not  horizontal  but  curved,  the  curve  Iieing  sharpest 
near  the  outlet,  and  the  difference  in  level  between  high 
and  low  water  is  least  near  the  outlet ;  also,  the  higiier 
the  level  the  greater  the  fall  to  the  outlet  and  the  greater 
the  discbarpe.     (Fig.  27.) 

The  outflow  from  most  continuously  flowing  springs 
represents  the  pertwlation  through  and  drainage  of  such 
a  comparatively  large  area  that  it  is  not  probable  that 
any  considerable  proportion  of  this  area  will  be  exces- 
sively  polluted,  nor   that   the  percolate   from   any   and 
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all  uvcr-pol lilted  parts  of  it  will  be  so  concentrated  and'] 
chargttl  with  liarmiul  impurities  that  the  thoruiighly  piiri-  I 
fiixl  water  from  the  remainder  of  the  area  will  not  be  suffi-  J 
cient  to  dilute  it  sufficiently  to  eliminate  all  danger  to  1 
health  frura  its  use.  Consequently,  spriugs  are  to  be 
ranked  among  the  best  and  safest  sources  of  natural 
waters,  and  general  experience  sustains  the  judgment. 

But  the  remarks  regarding  the  purity  of  spring-water  _ 
do  not  hold  good  for  water  from  ordinary  shallow  well; 
provided  they  do  not  pass  through  an  imjiermeable  i^tmluma 
— or  from  springs  where  the  water  passes  almost  directlyl 
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from  surface  to  outlet,  for  in  b<ith  cases  the  filtering  action 

of  the  soil  and  the  removal  of  organic  matter  by  the  pro- 

k  longed  action  of  the  saprophytic  bacteria  are  likely  to  \ie 

■  Incomplete  and  imperfect.     Likewise,  water  from  springs 

lat  drain  a  limited  and  extensively  polluted  area  may  be 

Faeriously  contaminated,  and  unsafe  to  use. 

Especially  alx>ut  human  dwellings,  where  wells  at 
r  luonly  located  for  the  sake  of  convenience,  are  filth  and- 
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pollution  likely  to  be  carried  into  the  water,  for  sewage 
and  dirt  of  almost  every  kind  accumulate  in  constantly  in- 
creasing quantity  in  the  soil  about  a  house,  and  always  ti'nd 
to  exceed  the  limit  of  permissible  impurity.  There  is  also 
the  ever-present  danger  of  the  water  receiving  the  specific 
germs  of  disease  from  the  human  wastes  of  the  household, 
no  matter  in  what  condition  the  surrounding  soil  may  be. 

Owing  to  the  lessening  of  lateral  resistance  the  surface- 
water  passes  rapidly  and  almost  directly  into  the  well 
(unWs  the  wall  of  the  latter  be  made  water-tight  to 
almost  the  full  depth),  and  may  carry  with  it  solutions  of 
all  the  impurities  polluting  the  soil  about  the  mouth  ;  and 
as  wells  drain  a  very  oonsidemble  area — Parkes  says  one, 
in  ordinary  soils,  whose  radius  is  equal  to  four  times  the 
depth  of  the  ivell — there  are  few  wells  about  which  such 
an  area  is  not  subject  to  dangerous  pollution.  (Fig.  28.) 
Moreover,  the  influence  of  pumping  or  other  sudden  with- 
drawal of  water  from  the  well  is  even  more  important, 
since  it  extends  a  distance  from  15  to  160  times  the  tem- 
jvirary  depression  of  the  water-level,  and  impurities  may 
thus  be  drawn  into  the  well  which  ordinarily  would  tend 
to  flow  away  from  it.     (Fig.  29.) 

Excepting  the  bacteria,  which  pass  freely  through 
almost  all  soils  when  resistance  to  the  water-current  is 
markedly  diminished,  only  such  portions  of  the  pollution 
as  can  be  dissolved  may  reach  the  water  in  the  well ;  and 
it  is  a  fact  that  many  waters  thus  polluted  an-  apurkling 
and  clear,  with  a  pleasant  taste  and  no  bad  odor,  so  that 
any  suspicion  as  to  their  real  character  may  l>e  want- 
ing. Moreover,  even  though  specific  disease  germs  be 
absent,  there  is  always  danger  that  the  contamination  may 
become  bo  concentrated  as  to  produce  serious  results,  and 
tiiis  may  occur  in  various  ways :  (o)  the  well  may  be  so 
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deep  or  tlie  chHracter  of  tlie  wjii  such  tliat  in 
weather  the  liquid  pastniiig  throiigli  tlie  soil  ia 
tliat  it  imparts  no  harmful  properties  to  the  water;  but  if 
tlie  iioil  is  iK^ing  continually  inflltnitecl  with  dangerous  im- 
purities, anil  if  at  length  heavy  rains  or  continued  wet 
weather  supervene,  there  may  be  more  and  more  of  these 
impurities  dissolved  and  curried  into  the  well  until  the 
pniiMirtioii  of  harmful  matter  in  the  water  passes  the 
safety'Liiie,  and  as  a  residt  there  is  marlied  illness  or  in- 
creased predisposition  to  disease  among  those  using  the 


ind -water  ^^^| 
rities  that  ^^H 


water;  or  (b)  in  continued  drj-  weather  the  ground-water 
may  be  lessened  to  such  an  e.\tpnt  that  the  Impurities  that 
were  formerly  well  diluted  become  sufficiently  concentrated 
to  cnuse  sickness,  even  though  there  lie  no  unusual  pollu- 
tion of  the  soil  about  the  well ;  or  (c)  the  water-level  in  the 
!1  being  suddenly  or  persistently  lowered,  a  greater  area 
t  dnuned  and  additional  collections  of  sewage  may  flow 
n  the  well.     (Fig.  29.) 

Deep  wells  are  those  which  pass  through  an  impermeable 
[  stratum,  and  so  do  uot  get  tlieir  supply  from  the  subsoil- 


DEEl'  WELLS. 

viateT.  The  relative  depth  of  two  wells  is  no  exact  criterion  * 
as  to  tlieir  classification,  as  the  shallower  one  muy  really 
be  a  "  deep  "  one  and  the  deeper  a  "  ri^ballow  "  one,  uecord-  \ 
ing  to  the  presence  or  absence  of  the  impermeablv  stnitum.  , 
Artesian  wells  are  very  deep  wells,  piercing  one  or  more  J 
impermeable  strata. 

Sometimes  tbe  water  rises  and  flows  out  of  the  mouth  I 
of  a  deep  well,  in  which  caw!  the  sujiply  is  drawn  fiiim  a  J 
water- boa  ring  stratum  between  two  inn>ermejible  ones,  and  I 

Fig.  30. 


RepreacntlD^  tbe  iponwneous 

crnppinBorp  FHbove  impurmeable 
Tloni  itnla.    (Wilhoh.) 


which  has  its  only  outcpttppjngs  higher  than  tlie  top  of  the 
well.  (Fig.  30.)  The  water  acerimulates  in  this  natural 
peser\-oir  alxive  the  level  of  tbe  well-mouth,  and  is  fon^d 
out  when  an  ojKning  is  made  through  the  uppermost  im- 
permeable stratum.  Deep  well-water  la  apt  to  be  of  much 
better  quality  than  that  from  shallow  wells,  since  it  usually 
represents  the  total  percolation  from  a  very  lai^  extent 
of  ground  surface,  in  i-omparison  to  which  the  combined 
areas  and  amount  of  pollution  within  its  limits  are  in- 
eignificant,  tlie  possible   impurities   in   the  water   being 
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consequently  reduced  by  dilution  to  much  below  the  dan- 
ger-point. It  is  for  the  same  reason  that  there  is  such  a 
difterence  in  the  quality  of  apring-water  and  of  that  from 
moat  shallow  wtlls.  Though  the  two  waters  seem  to  have 
a  common  source,  one  is  the  composite  water  of  a  !ai^ 
district,  of  which  the  average  impurity  or  coutamiiiatiou 
per  unit  of  surface  may  be  infinitesimal;  the  other  is 
mainly  the  special  percolate  from  a  limited  area,  which  is, 
for  the  reasons  g^ven,  particularly  liable  to  be  highly  and 
dangerously  polluted.' 

Artesian  or  deep  well-water  will  also  likely  be  very  free 
from  Clonic  matters,  but  possibly  heavily  chained  with 
mineral  salts.  Should  these  latter  not  Iw  present,  the 
water  will  probably  be  of  excellent  quality  ;  though  if  the 
well  bo  very  deep,  it  may  be  too  warm  for  immediate  use 
as  a  potable  water. 

Frequently  well-water,  and  that  most  often  from  shallow 
wells,  is  the  only  kind  available,  especially  in  ct)untry  dis- 
tricts. In  such  cases  care  must  be  taken  that  impurities 
are  kept  out  of  the  well  by  all  possible  means.  If  this  be 
done,  water  may  often  be  had  of  excellent  quality.  The 
area  about  all  wells  should  be  kept  clean,  and  the  well 
should  ho  as  distant  as  possible  from  any  source  of 
ciintaminattnn,  especially  if  the  latter  lie  a  constant 
one.  Wells  should  be  walled  or  casi-d,  shallow  wells 
lo  below  the  water-level  and  deep  wells  to  the  first 
im|5ermeable  stratum  if  possible,  in  order  to  cause  the 
water  to  percolate  through  as  much  soil  as  possible  before 
entering  the  well,  in  this  way  checking  the  rapidity  of 


water  in  ahallow  wvllfl.  u  iu  otben,  Is  bc-ing  continu- 
i&nged  by  the  onward  movement  of  the  underKmanil  rutrfnt;  but 
[big  is  slow  in  eompariaon  with  the  pprcolMinn  fmm  the  sarfKn. 
ipnrilic*  of  the  Utler  will  b«  in  exoen  in  the  well-witer. 
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its  descent  and  prolonging  the  biulc^tc  action  of  the 
top-soil.'  Wclk  should  also  have  a  [iroperly  constructed 
curb,  to  keep  out  splashinga  and  drippings  of  muddy  or 
dirty  water. 

Wc  must  not  for^t  that  wells  drain  a  lai^e  area.  As 
the  ground-water  has  a  constant  movement  in  the  direc- 
tion of  natural  outlets,  the  well  should  l^e  so  located  that 
the  current  flows  from  it  toward  any  near-by  cesspool  or 
other  source  of  pollution.  The  direction  of  the  under- 
round  current  con  generally  be  determined  by  noting 
the  location  of  the  nearest  spring  or  water-course,  by 
serving  the  dip  of  the  underlying  strata,  or  by  digging 
loles  at  equal  distances  about  the  well  and  dissolving  salt 
r  an  aniline  dye  in  them  in  turn,  and  testing  the  water 
rem  the  well  after  a  time  for  the  salt  or  color.  If  a 
1  be  much  deeper  than  a  neighboring  cesspool,  it  may 
I  from  the  latter,  even  in  opposition  to  the  ground- 
[frater  current,  especially  if  the  water  in  the  well  be  sud- 
ienly  lowered.  Again,  dangerous  impurities  have  been 
parried  into  wells  from  long  distances  through  fissures  or 
rcvices  in  rock.  Harrington  cites  the  case  of  a  well  which, 
?bored  500  feet  into  red  snndatone,  drained,  through  fis-  , 
lures,  all  the  shallow  wells  in  the  ^■^ciuity.  These  being 
f  no  use  as  wells,  were  then  udlized  as  cesspools,  and 


'  A»  the  mprophytie  and  uitrirrinK  bacterl*  are  only  louuil  imrmnlly 
in  tba  first  !eii  Teot  of  lop-suil.  where  the  conditione  are  favonble  to 
tbeli  eziitence  and  growth,  we  cannot  expect  to  have  any  further  action 
by  tbem  after  the  water  reaches  its  undereround  leTsI  and  hegins  to 
more  toward  it»  ontletB.  Nor  will  there  be  any  filtration  In  this  on- 
ward profrresB.  for  that  has  been  aceomplisbed  in  the  npper  tayen.  It 
la  tor  this  resaon  that  the  filtrate  from  cvMpools  and  similar  pile  ie  not 
oi^nically  purified,  hut  is  especially  obnoiions  and  danKpraas  as  it 
tnTcrscs  the  soil,  for  the  bottoms  of  such  pita  are  nimally  below  the  bio- 
logio  level,  and  there  is  aliro  in  them  a  lack  of  the  oxygen  neces«arj  to 
M^ntain  the  action  of  the  nitrirying  bacteria. 
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draining  again  through  the   fisstiros,  ciuisetl   tho  ' 
become  so  foul  that  it  had  tu  hv  ubandoiia]." 

The  water  from  the  well  should  be  frequently  tested  for 
chlorides  and  iiitratcH,  these  iudicating  .sewage  oontiiraina- 
tion,  aud  this  should  he  done  especially  after  heavy  rains 
and  also  when  the  water  in  the  well  becomes  low.  The 
taste  and  odor  of  the  water  should  also  be  note<l  after 
standing  for  a  time  or  on  being  heated.  Some  other 
sources  should  be  sought  ^chenever  such  tests  show  eon- 
taniinatioQ  or  when  there  are  cases  of  infections  disease 
near  at  baud.  Boiling  the  water  and  filtration  are  always 
to  be  recommended  whenever  there  is  tlie  least  suspicion 
as  to  impurity  or  infection. 

Shallow  or  subsoil  wells  in  thickly  Bctt]e<l  towns  should 
not  be  used  to  supply  drinking-water  or  cooking- water, 
as  the  soil  is  always  more  or  less  saturated  with  filth  and 
sewage,  and  it  is  practically  impossible  in  such  places  to 
locate  a  well  which  will  not  be  in  constant  danger  of  re- 
ceiving harmful  impurities  from  some  source  or  another. 

The  decision  as  to  the  quality  of  any  water  must  in  each 
case  be  determined  by  all  the  circumstances  available 
which  relate  to  it,  and  these  should  all  be  thoroughly  in- 
vestigated before  rendering  an  opinion,  as  some  of  them 
may  counteract  the  others.  However,  otlier  things  Ijeing 
equal,  the  value  of  a  water  will  probably  be  in  accord 
with  the  following  table : 

{1,  Spring- water, 
2.  Deep  well-wator, 
a  Water  from  unpolluted  Htreania, 

I.  Stored  min-wator. 

i.  8u rfac«-wat«r  froDi  rnltivated  land, 

( 6.  SvwagEi-pollntiid  riTei'water, 
'  T.  Sfaallnw  well-nater, 


8ii>pi«ioua 
DauEcrooB 


A  good  potable  water  should  be  t>erfeetly  clear, 


I 


ShQwinK  dL-nth-rat.'B  tf>m  lyphuCd  fcver  In  ISM  In  tlity-aii  cflies.  (trnuped 
■eoordlng  to  the  qniillty  of  tbelr  drlnklng-H'atcr.  Ilteprodiicvd  Willi  Ihe  per- 
KlmAon  otilie  aulhi.r.  Mr.  J»m™  H,  Fuertra.aiid  of  Ihe  AwoctaUon  of  Hvll 
of  Cornell  t'nlrenlcr.) 
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from  odor  or  taete,  cool,  well  iterated  and,  if  ]>o&sible,  soft  J 
or  with  only  a  mild  degree  of  liartlnerfs.  CirciimutanceB  J 
must  determine  the  amount  of  dissolved  matters  permw-l 
siblc ;  what  is  an  excess  in  one  case  might  not  be  i 
another. 

We  may  also  classify  waters  as  follows:  1.  Pure  aadM 
whuk-sume  water.  2.  Usable  water.  3.  Suspicious  wTiter.  ^ 
4.  Dangerous  water.  (See  chart  on  page  165.)  Pure  waters 
and  usable  waters  may  be  used  witliuut  filtratiofl ;  those 
of  the  third  class  should  be  filtered  before  distribution, 
and  also  at  the  house  before  use,  if  possible,  and  a  purer 
source  sought  or  ail  sewage-|M)llution  prevented.  Those 
of  the  fourth  class  sliould  not  be  used  at  all  vxcept  when 
absolutely  unavoidable,  and  then  only  after  purification 
by  all  the  means  at  command. 

Inasmuch  as  most  large  cities  must  from  necessity  fur- 
nish a  water  of  the  second  or  third,  and  occasionally  even 
of  the  fourth  class,  such  water  should  be  |)urifie<I  as  much 
as  possible  before  distribution  by  storage  for  a  time  in  set- 
tling reservoirs  and  by  some  effective  system  of  filtration, 
combining  these  with  chemieal  treatment  if  nect«sary. 
As  much  of  the  organic  matter  is  oxidized,  and  many  of 
the  pathogenic  bacteria  are  destroyed  by  saprophytes  and 
other  causes  while  the  water  is  standing  in  the  settling 
reservoirs,  and  as  properly  constructed  and  well-managed 
filters  are  even  more  efficacious  to  this  end,  a  water  origin- 
ally suspicious  or  worse  may  often  be  made  usable  by  the 
above  means  properly  employed.  Not  only  must  the 
storage  reservoirs  and  filti'ring  apparatus  be  kept  clean 
an<l  in  good  working  order,  but  care  must  also  be  had 
that  the  distributing  apparatus  does  not  permit  soil-air  or 
sewer-gas  or  sewage  tn  be  drawn  in  through  haks  in  the 
mains  at  times  when  the  flow  is  intermittent,  and  that 


1 
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DISEASES  DUE  TO   IMPURE    WATER. 

lead  pipes  are  not  used  for  coDveying  driukiDg-water  if 
the  character  of  the  water  is  such  that  it  acta  on  that 
metal. 

Diseases  Caused  by  Impure  Drinking-water. — A 
polluteil  waltr  ruav  carry  tiie  orgniiiritiis  of  infectious  dis- 
cattea,  or  it  may  produce  or  favor  tlie  development  of  dis- 
eases which  are  not  due  to  specific  germs.  In  addition  to 
these,  and  of  at  least  equal  importance  from  a  sanitary' 
point  of  view,  is  the  depressed  state  of  the  system  that 
the  habitual  use  of  impure  drinking-water  causes,  and  the 
pmlixposition  to  disease  tliat  ensues.  By  the  faculty  of 
aocommodation  and  through  long  habit  a  community  may 
become  so  protected  against  an  impure  water  as  to  mani- 
fest no  striking  symptoms,  while  strangers  may  be  seri- 
ously affected  by  it ;  but  even  in  such  a  case  the  condition 
of  those  habitually  using  the  water  will  probably  be  more 
or  less  depressed  and  not  that  of  perfect  health. 

The  non-infections  diseases  likely  to  be  caused  by  im- 
purities in  the  drinking-water  are  primarily  those  aBecting 
the  alimentary  tract,  as  dyspepsias,  diurrhteas,  and  other 
disturbances  having  their  origin  in  severe  gaslric  or  intes- 
tinal irritation.  So,  also,  impure  water,  even  though  it 
does  not  contain  the  actual  germs,  may  have  much  to  do 
in  bringing  on  an  attack  of  typhoid  fever  or  specific  dys- 
entery by  so  irritating  the  intestine  as  to  make  it  especially 
receptive  to  the  oauae  of  the  disease  when  introduced  from 
another  soui-c*. 

Lai^  quantities  of  the  sulphates  of  calcium  and  mag- 
nesium are  tliougbt  to  have  special  influence  in  causing 
dyspepsias,  with  loss  of  appetite,  pain  at  the  epigastrium, 
et«.  An  exces.1  of  iron  in  water  is  also  prone  to  prfxluce  con- 
stipation, headache,  loss  of  appetite,  and  malaise.  Goitre 
and  the  formation  of  vesical  calculi  are  each   supposed 
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to   be   due  to   mineral  or   iiioi^nic   impurities,  tlioughl 
the  true  relation  of  impure  drinking-water  to  tliese  di»-  ■ 
eases   is   etill  unsettled.     "  It  lias  long  been  a  popular 
opinion  tLut  drinking  lime-waters  gives  rise  to  calculi  of 
the  oxalate  and  phosphate  of  calcium,"  and  the  "  opinion 
that  impure  water  is  the  cause  of  goitre  is  as  old  as  Hip-  J 
pocrut«9  and  Aristotle."     Further  study  of  the  principleBfi 
underlying  the  treatment  of  goitre  with  glandular  estracta 
may  make  it  easier  to  determine  ivhellicr  impure  water 
has  a  eaiisativo  infliioiiee  in  the  production  of  this  disease. 

Diarrhnea  may  be  caused  by  any  of  the  following  im- 
purities in  water:  suspended  substances  of  any  kind,  hut 
especially  those  of  fecal  origin ;  dissolved  animal,  vege- 
table, or  mineral  matters,  and  fetid  gases.  The  diarrhoea 
produced  by  any  of  these  contaminants  may  be  so  severe 
as  to  simulate  true  dysentery  and  cause  doubt  as  to  the 
diagnosis. 

Certain  metals  may  be  taken  up  from  the  earth's  strata, 
or  from  the  lining  of  cisterns,  ete.,  and  may  pnHiuce  their 
characteristic  toxic  symptoms  in  the  system.  Lead  is  one 
of  thefie  metals,  and  it  will  be  well  to  note  here  the  waters 
that  are  especially  apt  to  take  up  this  metal.  Pure  watets 
an<l  those  containing  much  oxygen  act  powerfully  on  lead, 
as  do  those  containing  organic  nitrates  and  nitrites,  espe- 
cially ammonium  nitrate.  Waters  containing  <arbon  di- 
oxide and  the  salts  of  calcium  and  magnesium  and  those 
free  from  absorbed  gases  act  least  on  lead,  and  car)N>n 
dioxide  s(«ms  even  to  protect  lead  by  forming  an  inst^iln- 
,  ble  carbonate  on  leaden  surfaces,  but  water  eonlaining  car- 
bon dioxide  may  take  up  lead  for  a  time  from  new  pijies 
until  tlie  insoluble  carbonate  is  deposited  within  them,  and 
it  has  been  shown  that  in  some  cases  wherein  cild  water 
does  not  act  upon  the  metal  hot  water  will  dissolve  a  small 
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but  appreciable  quantity  of  it.  Copper,  zinc,  aud  arsenic 
are  also  metals  that  may  be  taken  up  by  certain  watere, 
and  that  may  cause  serious  results  from  tlie  use  of  the 
latt^T.  Lead  is  more  eai^ily  dissolvetl  if  other  metals  are 
in  contact  with  it,  probably  owing  t«  electrolytic  action. 
Lead  should  not  be  uucd  ibr  pipes  nor  to  line  cisterns 
unless  suitable  tests  show  that  the  water  does  not  affect 
it,  nor  should  any  water  be  used  in  which  the  tests  show 
more  than  one-thirtieth  of  a  grain  of  lead  per  gallon. 

Of  the  infectious  diseases,  germs  of  typhoid  fever, 
cLolera,  aud  dysentery  are  usually  carried  into  the  system 
by  the  drinking-water,  while  the  ssime  is  often  true  of 
scarlet  fever,  diphtheria,  aud  kindred  diseases,  and  possi- 
bly of  malaria.'  But,  as  with  tlie  impuritie.'i  causing  non- 
infectiuus  disturbances,  wat^-r  containing  disease  germs 
may  sometimes  be  used  for  a  long  time  by  those  accus- 
tomed to  it  without  the  development  of  the  sjiecific  mal- 
ady, and  it  may  only  be  after  the  system  is  weakened  by 
excesses  or  other  predisposing  conditions  tliat  the  disease 
manifests  itself;  or  it  may  happen  that  only  strangers  and 

'  For  k  long  lime  the  belief  that  malaria  Is  very  frwiuontly,  if  not 
moat  ofteu,  transmit  ted  by  the  dr[ukitig- water  has  been  held  by  many 
MUlitBrianB,  and  there  bas  eeumed  t<i  be  uiiich  circamstantiai  evidence  Co 
aQbalantluIe  this  opinian.  Comparatively  recontly.  huwsTer.  careful 
■eientiSc  investigatian  bu  proved  that  this  diwaae  OBD  be  and  usually  is 
(Idb  to  direct  iiiuculatioD  hy  at  least  otie  speciea  uf  moequito.  which  acts 
M  an  IntenoEdlary  hose  in  the  llfs  cycle  or  deTolopmeDt  of  (ho  malarial 
orgsnisiD  (plaamodium  mnlnrise),  and  somohare  gone  «i  fnras  tn  say  tbnt 
the  disease  ia  probably  only  tratismittcd  in  this  way.  While  admittiHK 
the  force  of  these  arjromenla  and  evidence,  and  accepting  the  mneqiiito 
theory,  the  writer,  for  the  pre«nt  at  least,  is  not  eoiiviiiced  that  the 
drinking- water  cannot  and  does  not  also  sometimes  serve  as  n  means  of 
transmitting  the  disease,  either  by  acting  as  a  carrier  of  the  inrucl^'d 
OTO,  larvH!.  or  dead  bodies  of  moaqnitoes,  or  by  dircrtly  tranlferrinf;  the 
malarial  oreani^mn  from  what  has  long  been  considered  to  be  their 
UMtnral  habitat — swamps  and  marshes. 
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non-acclimated  itihabitanls  incur  the  disease.  It  Ims  been  I 
su^estod  that  this  immunity  is  proUibly  brought  about  1 
by  the  very  gradual  introduction  into  the  bixly  of  the  dis-  « 
ease  gerin>'  and  their  ^Kiisons,  ao  that  old  residents  are  not  J 
susceptible  to  the  small  numbers  or  quantities  of  these  1 
which  are  sufficient  to  give  rise  to  the  symptoms  of  the  I 
particular  diseases  in  newcomers. 

Many  instances  have  been  recorded  which  practically 
prove  tlie  transmiasibility  of  infectious  didoa»es  by  means 
of  drinking-water,  and  of  these  reference  may  be  made 
to  the  epidemics  of  typhoid  fever  at  Laueen'  in  Switaer^ 
land,  and  at  Plymouth,  Pa.  f  of  malaria  on  board  the  1 
transport  ship  "Argo";'  and  of  cholera  in  London.* 
The  writer  himself  had  an  opportunity  of  investigating 
an  epidemic  of  typhoid  fever  in  a  small  village  in  North 
Carolina.*  In  this  there  were  only  four  or  five  in  about 
sixty  cafes  which  were  not  imdouhtedly  due  to  contam- 
ination of  the  subsoil-water  by  the  infected  excreta  from 
the  first  rase ;  and  of  four  of  the  exceptions  (which  werB 
in  one  family),  the  first  was  in  all  probabilitj^  infected 
while  in  attendance  upon  sick  neighbors,  and  the  others 
by  direct  contagion.  It  was  also  shown  that  with  the 
exception  of  these  four  the  cases  all  developed  directly 
along  the  lines  of  natural  drainage  leading  from  the  resi- 
dence of  the  original  case — a  boy,  who  came  to  the  village 
sick  with  the  disease — and  that  the  latest  cases  to  develop  , 
were  those  moat  remote  from  the  starting-point  of  the  in- 
fection. 

Moreover,  in  most  large  cities  of  this  and  oilier  countries  I 

■  PeiipnT'*  Sjstrm  of  Mpilicino,  vol.  I.,  p.  250. 

*  Kohl's  Tml'lKKik  of  Hygiene.  3d  cdiliuo.  p.  63. 

'P»rk«s'  KfKieno,  Hth  edition,  p.  6i.  and  Eolifi.  p.  90. 

<B<>ii^,  p.  64.  ■  Uiiiviraity  Medical  Uaituine.  Hay,  ISOS. 


^ 


PARASITIC  DISEASES. 


171 


the  typhoid  fever  death-rate  b  accepted  as  the  direct  index 
of  the  character  of  the  water-supply,  aud  it  aeems  to  be  a 
fact  almoat  without  esccption  that  any  marked  impruve- 
meot  in  tlie  latter  will  be  followed  by  an  immediate  and 
positive  reduction  in  the  former.  (See  vhart  on  (Kige  165.) 
The  same  may  also  be  said  to  hold  good  in  r^ard  to  diar- 
rhoaal  diseases ;  while  in  eastern  North  Carolina  there  has 
been  a  markctl  reduction  in  the  prevalence  of  so-called 
malarial  fevers  as  a  result  of  the  efforts  of  the  State  Board 
of  Health  l<i  persuade  the  people  to  substitute  rain-water 
or  deep  well-water  for  the  subsoil-water  which  was  almost 
universally  used  a  few  ycara  ago. 

The  ova  of  certain  parasites,  such  as  tapeworms  or 
round-worms,  may  often  be  taken  into  the  system  with 
the  drinking-wntcr,  and  these  ujxin  developing  may  cause 
disturbances  ihat  may  require  more  than  the  slight  atten- 
tion usually  given  to  them.  Any  attack  of  convulsions 
iu  a  child  or  other  severe  manifestation  of  reflex  action 
should  lead  to  the  inquiry  as  to  whether  these  parasites 
may  not  be  present,  and  whether  the  water-supply  has  not 
been  the  source  of  invasion. 

R^rarding  the  fi>r^oing  remarks,  Parkes  makes  tlie 
following  statements :  "  I.  Aa  epidemic  of  diarrhoea  in  a 
community  is  almost  always  owing  to  either  impure  air, 
impure  water,  or  bad  food.  If  it  affects  a  number  of 
persons  suddenly,  it  is  probably  owing  to  one  of  the  last 
two  causes,  and  if  it  extends  over  many  families,  almost 
certainly  to  wat^'r.  But  as  the  cause  of  the  impurity  may 
be  transient,  it  is  not  easy  to  find  experimental  proof. 
2.  Diarrlirea  or  dysentery  constantly  affecting  a  com- 
munity, or  returning  periodically  at  certain  times  of  the 
year,  is  far  more  likely  to  be  produced  by  bad  water  than 
by  any  other  cause.      3.  A  very  sudden  and  localized 
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outbreak  of  typhuid  fever  or  choleni  is  almost  certainly  I 
owing  to  tbe  iotroduction  of  the  poison  by  water.    4.  The  j 
same  fact  holds  good  in  malarial  fevers,  and,  especially  if   [ 
tbe  cases  are  very  grave,  a  possible  introduetiun  by  wat«r 
should  be  inquired  into.     5.  The  introduction  of  the  ova  \ 
of  certain  eutozon  by  means  of  water  is  proved  in  some  | 
places,  probable  in  others.     6.  Although  it  is  not  at  pre»-   ' 
ent  possible  to  assign  to  every  impurity  io  water  its  exact  i 
fllijire  in  the  production  of  disease,  or  to  prove  the  precise  | 
influeofe  ou  public  health  of  water  which  is  not  extremely  ' 
impure,  it  appears  certain  that  the  health  of  a  eommunity 
always  improves  when  au  abundant  and  pure  wat*r-8upply 
is  given ;  and,  apart  from  this  actual  evidence,  we  are 
entitled  to  conclude  fnmi  other  L'onsiderations  that  abim- 
dant  and  good  water  is  a  prime  snuitar}'  necessity."     The 
Htatistics  already  given  and  those  to  come  in  later  pages 
are  confirmatorj-  of  the  correctness  of  this  last  assertion, 
and  sanitary  authorities  now  realize  that,  in  addition  \a 
the  mortality  from  typhoid  fever,  the  main  cause  of  an 
increase  in  the  death-nite  from  diarrhfeal  diaea,ses  is  more 
often  to  be  fairly  attributed  to  a  contaminated  water-supply 
llian  to  improper  food  or  untowanl  temperatures.     Even 
with  respect  to  cholera  infantum  (which  is  generally  sup- 
posed to  be  principally  due  to  the  influence  of  excessive 
heat  upon  the  infant  and  its  fwnl)  a  numlwr  of  epidemics 
show  a  closer  relation  to  impure  water-supply  than  to  tera- 
I  perat II re-changes. 

The  Porification  of  Water. — Impurities  in  water  may 
be  either  solid  matters  in   sns|>ension  or  dissolved  sub- 
stances, and  may  be  organic  or  inorganic.     Any  turbidity 
t  is  due  to  solid  particles,  and  water  free  from  these  is  clejir, 
I  though  it  may  be  colored   more  or  less  deeply  by  dia-   , 
^wJved  matters.      But  a  clear  water   may  contain   such 


PURIFICATION  OF  WATER 


173 


solid  iHxlies  as  bacteria,  ovu  of  parasites,  etc.,  wliioh  are 
twu  Diinute  to  be  seen  with  the  naked  eye.  AVliether 
harmful  or  not,  all  impurities  should  be  removed  in  ho 
far  as  is  possible  from  all  supplies  of  drinking-water. 
This  may  be  done  to  a  considerable  extent  with  large 
volimies  of  water  before  distribution  to  consumers,  and 
should  always  be  attended  to  by  the  latter  if  the  water 
is  not  already  clean  and  within  the  limits  of  safety  when 
tliey  receive  it.  In  fact,  a  large  city  at  the  present  time 
can  scarcely  have  a  more  important  subject  for  considera- 
tion than  that  of  obtaining  the  purest  possible  water-supply 
for  its  people.  There  will  always  lie  a  tendency  among 
many  to  allow  matters  to  continue  as  they  are  or  as  they 
have  been  in  the  past,  and  a  decided  tibjection  by  others 
to  incurring  additional  expense  for  what  may  seem  to  them 
only  sesthetic  reasons ;  but,  no  matter  what  may  be  the 
cost  of  pnwiding  a  reasonable  supply  of  pure  water  for 
any  large  city's  personal  and  domestic  uses,  a  very  little 
consideration  will  show  that  such  expenditure  is  tnie 
economy  from  solely  a  financial  point  of  view,  even 
tlinugh  we  ignore  the  misery  and  sorrow  of  the  sickness 
and  deaths  that  are  due  to  the  use  of  a  polluted 
water. 

As  has  been  stated  by  the  excellent  authority  quoted 
above,  "the  health  of  a  community  always  improves 
when  an  abundant  and  pure  water-sujtply  is  given." 
"The  death  of  3400  persons  from  cholera  followetl  the 
temporary  supply  of  nnfiltered  water  by  the  Ejist  Ixindon 
Water  Company  in  1866,  while  the  rest  of  London  re- 
mainetl  nearly  free  from  the  disea.se;"  and  in  1892  "  Ham- 
bui^  lost  8605  citizens  from  the  same  disease  alone," 
regarding  which  "the  health  anthorities  found  that  the 
principal  cause  of  this  epidemic  was  the  polluted  water- 
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supply/"  while  die  oeighboring  city  of  Altona,  which  used 
filtered  water,  was  comparatively  free  from  the  disease. 

Again,  after  the  scourge  of  typhuid  fever  in  Ply- 
moath.  Pa.,  in  1885,  when  there  were  1104  casea  and 
114  deaths  within  a  few  weeks  in  a  population  of  8000 
as  a  result  of  pollution  of  the  water-supply  by  a  single- 
person,  great  care  was  taken  to  determine  the  exact  cost 
of  the  "  visitation  "  as  some  would  term  it.   It  was  found 


that  the  actual  expenditure  for  the  care  of  the  sick 
was  Jfi7, 100.17;  loos  of  wages  bv  tho«e  ni  \(rii)e:, 
$30,020.08;  a  total  of  $97,120.25,  to  which  Kboiil.l  be 
added  a  numbtr  of  times  the  $18,419.52  that  those  who 
died  were  earning  per  annum  when  taken  sick.  How 
much  cheaper  in  comparison  would  a  protecting  filtor- 
plant  have  been !  But  overlooking  special  epidemics,  and 
>  Huen,  Filtration  of  Public  Water-snppliee,  1865. 


FINANCIAL  LOSS  DUE  TO  DISEASE. 

considering  the  average  annual  typhoid  death-nites  of  our 
cities,  we  find  that  ex^xtrieace  both  here  and  abroad  shows 
that  with  a  pure  water-supply  a  aiaxinium  death-rate 
from  this  disease  is  25  per  100,000,  and  that  any  city 
may  reasonably  ejcpect  to  secure  even  a  lower  rate  by 
observing  proi>er  precautions.  And  yet  only  eight  cities 
of  over  50,000  population  whose  mortality  returns  were 
given  in  the  United  States  Census  Reports  of  1890  had 
wi  low  a  figure.  On  the  other  hand,  there  weit  five  cities 
of  over  (and  two  of  less  than)  50,000  that  had  100  or 
more  deaths  ihjt  100,000,  al!  seven  using  unfill«Ted  river- 
water.  The  remaining  forty-one  of  those  above  60,000 
had  rates  varying  from  2ti  to  98,  Counting  eacli  death 
as  a  loss  to  the  community  of  }5000 — not  an  excessive 
estimate  according  to  the  finding  of  courts  in  cases  of 
death  by  accident,  and  since  most  typhoid  case*  occur 
during  the  working  age  of  from  fifteen  to  fifty  years — 
"the  saving  due  to  filtration"  on  the  unnecessary  deatiis 
from  typhoid  fcver  "  would  have  paid  for  the  entire  cost 
of  filters  in  the  first  year  they  were  in  nse"  in  the  first 
seven  of  these  cities;  "in  sixteen  others,  with  an  abro- 
gate population  of  .1,717,560,  filtration  would  have  paid 
for  itself  in  two  years  or  less,"  and  in  "eighteen  others 
wilh  an  aggregate  of  3,238.617,  filtration  would  have 
saved  seven  or  more  lives  per  100,000  annually,  and 
would  have  more  tlian  paid  for  the  interest  and  cost  of 
operating  the  filtei^."  ' 

Lawrence,  Mass.,  with  a  population  of  44,654  in  1890) 
built  a  filter  at  a  cost  of  $67,000,  ami  saved  enough  lives, 
at  $5000  per  head,  to  pay  for  it  within  the  first  four 
months  that  it  was  in  use,  and  had  a  reduction  of  almost 
60  per  cent,  in  the  typhoid  death-rate  within  a  year. 
'  Hazen,  FiltratioD  of  Public  WnMr-aupplies. 
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lu  Chicago,  when  the  similarly  ei>tiiuate(l  loss  from 
typlioid  dealhs  in  the  city  and  suburbs  aoiounted  to  ovi 
$10,000,000  in  1891,  the  abandoning  of  a  shore  iulot  near 
the  mouth  of  the  sewage-polluted  Chicago  River  in  1892 
resulted  in  a  reduction  of  60  per  cent,  in  the  typhoid 
mortality  during  the  following  year.  Albany,  N.  Y.,  is 
al^  said  to  have  redui^ed  the  doath-mte  from  thi^  disease 
70  per  cent,  since  the  iuBtnllatiou  of  ite  filter-plant. 

But  it  is  only  when  one  realizes  tliat  an  increase  in  the 
mortality  from  any  cause  of  only  1  in  1000  of  population 
means  1000  additional  deaths  |ier  annum  in  a  city  of  a 
1,000,000,  that  he  can  appreciate  the  meaning  nod  the 
loss  in  capitalization  to  the  municipality  of  the  exceedingly 
high  typhoid  mortality  that  obtains  in  some  of  our  large 
cities.  At  the  valuatiou  of  S5000  per  capita,  and  consid- 
ering only  the  fxceat  above  the  maximum  typhoid  mor- 
tality of  a  pure-water  city,  this  death-loss  in  one  city  alone 
ior  several  years  has  amounted  to  upward  of  $500,000 
annually.  Nor  must  it  be  forgotten  that  these  figures  do 
not  include  the  cost  of  medical  attention  and  nursing  fur 
the  thousands  who  were  ^Ick,  nor  tlie  loss  of  time  and 
employment  by  those  who  recovered,  nor  do  they  con^der 
the  fioancial  loss  due  to  sickness  and  deaths  from  diseases 
other  than  typhoid  fever  that  may  be  fairly  attributed  to 
polluted  water-supplies.  Can  anyone  doubt  where  true 
municipal  economy  lies,  and  is  there  not  abundant  oppop- 
tunity  for  sanitary  education  and  work  in  this  direction 
alone  for  many  years  to  come? 

Purification  before  distribution  may  be  by  either  or  all 
of  three  methods :  subsidence,  chemical  treatment,  and 
filtration. 

The  first  method  consists  in  allowing  the  water  to  stand 
in  large  reservoirs  until  the  greater  part  of  the  suspended 
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matters  liave  fallen  to  tlic  bottom.  If  sufficient  time  be 
giveu,  much  of  tlie  organic  matter,  wLctlitT  aoliil  or  dis- 
eolvecl,  will  be  decomposed  or  reduced  to  simpler  com- 
pounds by  the  action  of  the  sunlight,  oxygen,  animalculee, 
sapniphytea,  etc.  Most  of  the  bacteria  also,  especially 
the  pathogenic  specieti,  will  disappear  either  by  sedimen- 
tation, by  death  from  lack  of  favorable  conditions,  or  on 
account  of  the  germicidal  effect  of  the  sunlight.  Conse- 
quently, a  water  originally  quit*  Impure  may  be  much 
improved  by  this  method  alone,  while  if  it  is  used  in  con- 
junction with  and  preliminary  to  filtration  it  will  be  addi- 
tionally advantageous  in  that  it  retluccs  the  coat  of  the 
latter  hy  lessening  the  frequency  and  expense  of  cleaning 
the  filters, 

Wliat  the  capacity  of  the  reservoirs  and  the  time  of 
storage  should  be,  depend  on  circumstances.  If  it  is  the 
only  method  of  purification  employed,  and  especially  If 
the  water  is  very  fnul,  the  longer  the  time  of  storage  the 
better.  Again,  if  the  source  of  supply  is  variable  in  out- 
put or  if  it  is  liable  to  exees.^ive  pollution  for  limited 
periods,  the  capacity  should  be  such,  if  possible,  that 
water  neetl  not  he  collected  during  the  emergency.  On 
the  other  hand,  if  the  water  is  to  be  subsequently  filtered, 
the  co[)acity  of  the  reservoirs  and  time  of  storage  need  not 
be  sii  great.  Most  German  authorities  on  filtration  hold 
that  preliminary  se<li mentation  for  twenty-four  hours  nr 
even  less  is  sufficient,  most  of  the  solid  matters  being  pre- 
cipitated within  that  time,  if  at  all,  and  the  filters  being 
relied  npon  to  remove  the  remainder,  especially  the  finer 
particles  and  the  bacteria.  The  English  practice  is  to  store 
the  water  for  a  longer  time,  though  local  causes  related 
to  the  source  of  supply  are  the  reason  for  this.  Thus  the 
Lea  and  Thames,  from  which  the  Lonilun  companies  take 
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muuli  of  their  water,  are  subject  to  extra  pulliitioii  in 
tinier  of  fiood,  which  are  usually  uf  short  duniliun,  aud  a 
Buffieient  reserve  for  such  periods  is  of  obvious  value. 

All  storage  reservoirs  should,  of  course,  be  kept  free 
from  exti-aneous  eoutaminatiou,  and  should  be  cleani-d 
from  lime  to  lime.  This  uecessitates  au  arnwgement  iu 
juiirs  or  groups,  or  a  partitiouing  of  lai^  re.servoirs,  so 
that  one  part  may  be  cleansed  without  putting  the  rest  out 
of  service.  Weeds  should  be  destroyed,  as  tliey  sometimes 
give  an  unpleasant  tjiste  to  the  water.  The  water  may  also 
have  a  bad  taste  or  odor  fn»m  algie  and  other  species  of 
minute  plants,  which  especially  favor  a  pure  water  ex- 
posed to  sunshine.  They  are  not  known  to  be  harmful, 
but  it  may  bo  necessary  to  cover  the  reservoirs  to  get  rid 
of  them  and  their  unpleasant  properties. 

Where  a  water  is  very  hard  or  contains  an  excess  of 
mineral  matter  it  is  frequently  of  advantage  to  treat  it 
chemically.  If  the  hardness  is  due  to  calcium  bicarlwnato 
in  execs'*,  it  may  be  removed  by  ihe  addition  of  a  solution 
of  calcium  hydroxide  to  the  water,  insoluble  caUium  car- 
bonate l»eing  formed  and  precipitated.  The  change  ia 
represented  by  the  equation  : 

C«0{X),CO,  +  Qi(HO),  =  2faCn,  -(   H,(). 

Clark's  process,  based  on  this  reaction,  is  as  follows: 
About  fourteen  or  fifteen  hundred-weight  of  lime  is 
allowed  to  each  million  gallons  of  water,  the  actual  quan- 
tity of  limo  de}>ending  on  the  amount  of  bicarbonate  in 
the  water.  The  lime  la  slaketl  in  a  tank  into  which  the 
water  to  be  treated  flows  ;  the  mixture  is  well  stirred  and 
then  allowed  to  stand  for  twelve  hours,  when  tlie  superna- 
tant water  is  drawn  off,  the  tank  cleaned,  and  the  process 
repeated.     The  water  is  not  only  softened  in  this  way,  but 
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the  precipitate  also  usually  wirries  down  md\  it  raucli 
of  tlie  H>li(l  impurities  and  organic  matters  in  the  witter. 
This  process  is  exteneively  used  in  England,  where  much 
of  the  available  water  is  derived  from  the  underlying 
chalk-beds,  and  thus  has  a  superabundance  of  tlie  bienr- 
bonate ;  but  the  writer  is  unaware  that  it  finds  any  general 
application  in  this  country,  though  it  might  be  an  advisa- 
ble method  of  treatment  in  certain  of  our  limestone  dis- 
tricts. 

If  alani  (aluminum  sulphate)  be  added  to  an  impure 
water,  a  decomposition  of  the  salt  occurs,  the  aciit  portion 
combining  with  the  bases  in  the  water  and  fiirming  a 
fltK'culent  precipitate  of  insoluble  basic  sulphutes  and 
aluminum  hydrt)xide,  which  entangles  in  it  and  carries 
down  the  Bus|)ended  impurities  in  the  water,  l>eside 
removing  much  of  the  diiffiolved  oi^nic  and  coloring 
matters.  Moreover,  careful  exjwriments  have  shown  that 
the  addition  of  only  about  one  grain  of  alum  jxt  gallon, 
followed  by  thorough  agitation  and  subsequent  settling 
for  twenty-four  hours,  will  almost  invariably  give  a  water 
free  from  germs  and  one  that  will  tend  to  remain  i^terile 
for  a  considerable  time ;  this  possibly  being  due  to  re- 
moval of  the  food-supply  of  the  bacteria.' 

The  use  of  alum  is  especially  advantageous  when  a 
water  contains  a  very  fine  silt  or  the  like  in  8Usi>ension, 
and  which  is  not  removed  by  subsidence  even  after  a  con- 
siderable time.  It  is  also  to  be  used  in  conjunction  with 
or  preliminnrj'  to  mechanical  filtration,  which  latter,  at  the 
usual  rate  of  operation,  is  oftentimes  pnictically  dejiend- 
cnt  upon  alum  for  the  furnishing  of  a  clear  safe  water. 
Comparatively  little  alum   is   needed,  even  with  a  very 

'V.  and  A.  Babes,  CcntralbUtt  fSr  Bakleriologia  nnd  Panslteiikiinde, 
IBM,  vol.  xii.,  No.  *&. 
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dirty  water — usually  not  more  than  one  or  two  grains 
per  gallon,  and  if  tlie  8tipi>ly  is  practically  adjusted  to 
the  condition  of  the  water,  as  it  should  be,  the  extremely 
minute  quantity  of  free  alum  that  may  sometimes  pass 
through  the  lilters  is  harmless  and  unimportant. 

Should  the  water  be  lacking  iu  sufficient  bases,  whicli, 
however,  is  extremely  imprt)hable,  it  might  contain  when 
filtered  a  very  little  free  acid,  which  can  be  readily  neu- 
tralized by  the  addition  of  a  correspondingly  small  quan- 
tity of  sodium  hydroxide  or  carbonate,  the  resulting  salt 
affecting  neither  the  healthfulness  nor  the  palatability  of 
the  water.  It  has  been  suggested  that  the  alum  be  first 
decomposed  by  the  addition  of  sodium  liydroxitU-,  then 
washed  free  from  the  resulting  sodium  sulphate  and  tlie 
flocculent  aluminum  hydroxide  added  to  the  water,  thus 
avoiding  the  chance  of  there  being  either  free  alum  or 
acid  in  the  cleared  water ;  but  experiments  show  (hat  the 
results  are  not  so  good  as  when  alum  alone  is  used. 

Regarding  the  danger  from  the  use  of  water  purified 
by  the  addition  of  alum,  Hazen  says:  "Allhough  alum 
in  large  quantities  is  undoubtedly  injurious  to  health,  it  is 
neither  a  violent  nor  a  cumulative  poison  ;  and  the  pro|)o- 
sition  that  one  jwirt  of  alumina  iu  a  million  parts  of  water 
is  injurious  to  health  must  be  regarded  as  conjecture  rather 
than  as  a  matter  of  proof  or  even  of  probability." 

The  Anderson  process,  which  consists  in  agitation  of 
the  water  with  metallic  iron  before  filtration,  has  been 
employed  at  Antwerp  and  elsewhere  ;  but  it  is  not  clear 
that  with  lai^  quantities  of  water  better  results  are  ob- 
tained than  by  simple  filtration.  The  idea  is  that  sfime 
of  the  iron  is  converted  into  soluble  ferrous  carlwnate, 
which  then  oxidizes  to  insoluble  ferric  hydroxide  and 
carries  down  with  it  the  suspended  and  many  dissolved 
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iropunties,  and  thus  facilitates  tlieir  removal  by  sedimen- 
tation and  filtration.  The  difficulty  iu  using  this  process 
on  a  large  scale  seems  to  he  that  the  carbonate  its  not 
foniied  quickly  enough,  and  also  that  too  much  of  the 
inin  may  remain  in  solution  even  after  filtration. 

Filtration. — For  the  purification  of  large  quantities  of 
water,  such  as  are  needed  for  great  cities,  there  can  be  no 
question  that  sand  filtration  is,  in  the  majority  of  cases, 
the  most  available,  satisfactory,  and  efficient  method, 
though  it  may  often  be  advantageously  preceded  by  sedi- 
mentation or  by  chemical  treatment,  as  already  described. 
The  ibrmer  especially,  by  removing  much  of  the  suspended 
matter,  will  prolong  the  use  of  the  filters  between  clean- 
ings and  thus  materially  lessen  tlie  cost  of  maintenance ; 
while  the  latter  may  greatly  improve  the  chemical  quality 
of  the  filtered  water. 

Municipal  filters  of  the  type  to  be  described  are  as  yet 
not  widely  nor  sufficiently  well  known  in  this  ctiiintrj-,  but 
they  have  been  used  abroad  with  increasingly  good  results 
for  upward  of  half  a  century,  and  they  now  furnish  the 
daily  supply  of  water  to  more  than  twenty  millions  of 
people.  However,  we  may  take  credit  in  tlie  knowledge 
that  the  most  thorough  and  scientific  investigation  of  their 
action  and  efficiency  has  been  made  on  this  aiile  of  the 
Atlantic,  under  the  au.spices  of  the  Massachusetts  State 
Eoard  of  Health,  and  that  it  is  to  this  body  that  we  are 
indebted  for  much  of  the  positive  information  that  we 
now  have  concerning  them. 

The  limitations  of  this  work  do  not  permit  a  full  dis- 
cussion of  the  principles  or  merits  of  such  filters,  but  the 
following  details  are  given  that  the  reader  may  appreciate 
the  simplicity  of  their  conatniction  and  the  efficiency  of 
their  work.     Those  desiring  more  extended  information 
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are  referred  to  the  Massachueetts  reports  that  discuss  this 
subject,  and  to  the  excellent  work  of  Hazen,  already 
nieutioncd,'  from  which  maiiy  of  the  accompanying  state- 
ments and  illustrations  have  boeu  taken, 

Alm(»st  without  exceptitm  these  filters  now  txinsisf  of  a 
layer  of  clean  aiuid  of  a  certain  degree  of  fineness  spread 
upon  a  layer  of  gravel  in  a  carefully  prepared  hasin,  the 
whole  being  under-drained  and  proper  arrangementH  made 

Fig.  33. 


for  the  wmtrolling  of  the  depth  of  water  upon  the  surface, 

rate  of  flow  of  the  filtrate,  cleaning  of  filters,  etc.     {Fig. 

3.)     Such  filters  act  primarily  as  strainers  to  n-niove  the 

I  flolid  impurities  from   the  water,   but    their  efficiency  is 

1  imich  increased   by  the   sediment  that   is  retained  upon 

'  the    eiirfacfi  of   the  sand   and   that    forms    a    filter    or 

'•  blanket "  much  finer  than  the  latter  and  is  capable  of 

mechanically   preventing   tlie    jmssage  of   most   of   the 

'  Filtmtion  of  Publio  Wntcr-snppliea, 
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bacteria  always  present  in  a  aurface-water.  Moreover,  this 
removal  of  the  bacteria  is  oAod  largely  dae  to  the  oi^n- 
isms  themselves  in  the  Bedimeut-layer,  becauKe  by  fVirming 
&  felt-like  growth  therein  they  not  only  increaiie  the  fine- 
ness of  the  strainer,  but  by  acting  as  sapropliytes  they 
also  decompose  muelt  uf  the  orgunic  matter  and  even  kill 
the  pathf^enic  bacteria.  However,  it  now  seems  probable 
that  for  continuous  filters  the  action  is  sometimes  mainly 
M'hnnical,  consisting  in  the  removal  of  suspended  mat- 
ters and  bacteria,  and  but  slightly  affecting  the  dissolved 
oi^nii;  matters.  On  the  other  hand,  in  intermittent  fil- 
tration, where  the  conditions  more  nearly  resemble  those 
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in  the  natural  soil  and  where  the  filters  are  periodicailly 
aerated,  the  straining  netion  is  less  perfect  on  account  of 
the  greater  rate  of  filtration  necessary,  hut  the  nitrifica- 
tion and  destruction  of  organic  matter  due  to  the  action 
of  the  saprophytes  and  oxygen  are  greater.  Intermittent 
filters,  therefore,  will  probably  prove  to  lie  the  Iwtter  for 
the  purification  of  sewage  or  a  very  impure  water,  thongh 
|.osually  their  efficiency  in  removing  bacteria  seems  to  be 
\  inferior  to  that  of  continuous  filters. 

Where  a  water  contains  a  verj'  fine  sediment  or  silt  in 
e  quantities,  the  sand  bed  may  be  cl<^;ed  and  choked 
few  hours  and  before  there  is  time  ibr  the  formation 
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uf  tie  bacterial  tilm  mentioned  above,  and  tbe  filtration 
must  be  mure  mi-clianieul.  For  example,  at  New  Orleans, 
where  the  MisHisiiippi  Kiver  contains  an  enormous  amount 
of  a  silt  80  fine  that  much  of  it  is  submlcroscopic  and 
many  ol"  the  particles  even  smaller  than  bacteria,  the 
wutfT  is  pumped  from  the  river  to  a  sedimentation  basin 
ciipable  of  holding  twenty-four  hours'  mipply,  throngb 
whidi  it  passes  slowly,  leaving  the  coarser  and  heavier 
sediment;  then  to  a  mixing  basin,  where  alum  is  added 
as  a  coagulant  to  an  extent  not  exceeding  six  grains  j>er 
gidlou,  and  then  to  the  sand  filter-beds.  The  "  blanket" 
is  thus  formed  by  the  coagulum  due  to  tbe  alum  which 
coniminglea  with  and  holds  the  silt,  preventing  tbe  lat- 
ter from  entering  and  choking  the  filter.  The  lilter-beds 
are  cleaned  daily  or  oi^ener  by  forcing  from  below  first  a 
liU'ral  washing  of  filtered  water  and  then  a  supply  of  air. 
The  cost  of  tins  treatment  is  about  $600  per  day  for  a 
supply  of  40,000,000  gallons. 

Tbe  location  of  the  filter-beds  with  respect  to  the 
source  of  supply  and  the  storage  reservoirs  will  depend 
largely  on  locjd  conditions,  cost  of  pumping,  etc.  Settling 
basins  are  almost  essential  where  tbe  water  to  l>e  fil- 
tered is  very  turbid,  even  if  only  at  intervals.  Refer- 
ence has  already  been  made  to  the  difference  of  opinion 
lietwren  English  and  Continental  authorities  regarding 
the  size  of  these  settling  basins.  As  the  filtration  does 
not  remove  hardness  due  to  dissolved  minerals,  it  may 
also  be  advisable  to  use  the  Clark  proeess  previous  to 
sedimentation  and  filtration.  Part  of  the  color  due  to 
peat  or  vegetable  mntti-rs  Is  removed  by  ordinary  filtra- 
tion, and  still  more  may  sometimes  be  destroyed  by  the 
previous  addition  of  alum,  but  such  preliminary  treatment 
is  unusual.     Where  the  water  comes  from  a  lake  or  from 
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a  river  with  a  slow  current,  settling  biisiiis  are,  of  cuiii^e,  I 
unnecessary. 

Inasmuch  as  it  is  needful  to  govern  the  depth  of  the 
water  ui»on  the  filter-betis  according  ti)  the  rate  of  flow 
desired,  the  thickness  and  resistance  uf  sand,  etc.,  and  to 
]>revent  disturbance  of  tlie  sand  aiid    sediment  layer  by  i 
the  ibrce  of  the  entering  cmreiit,  some  method  of  r^ij-  ] 
luling  the  ioflow  is  n^uired.     The  accompanying  illus-  J 
tration  shows   a   comparatively  simple  arrangement   for  \ 
tliis  purpose.     (Fig.  35.) 

Fio.  33. 


ROKUlallun  of  Inflow  ascd  at  Hamburg.    (IIj 


The  total  area  of  the  filter-beds  will  depend  upon  the 
amount  of  \vater  supplied,  the  rate  of  filtration,  and  the 
proportion  of  area  out  of  tise  while  being  cleaned.  The 
total  area  is  to  be  divided  into  beds,  varying  in  number 
according  to  circumstances,  so  that  one  or  more  of  these 
beds  may  be  cleaned  while  the  rest  are  in  use.  Large 
beds  decrease  the  coat  per  acre  on  account  of  less  masonry, 
etc.,  being  needetl,  but  it  may  be  more  difficult  to  main- 
tain an  oven  action  over  large  areas.     Evenness  of  action 


is,  however,  lai^ly  govcrriei!  by  tlie  size  and  arnitigvnicnt 
uf  tliG  uiider-jRiiiiM. 

Flo.  3ti. 


water  on  the  one  hand,  nor  any  ingress  of  foul  »oil-watcr 
on  the  othiT.     The  form  of  the  filter-bed  is  immaterial, 
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pmvided  evenii<.'ss  of  work  over  the  whole  area  is  uot  im- 
jiuired.  Where  the  mcau  Jiiouury  tempemtiire  is  below 
the  freezing-point  the  beds  should  be  covered,  as  the  for- 
DiatioD  of  ice  upou  them  seriously  impairs  their  efficiency, 
and  as,  moreover,  a  number  of  epidemics  of  typhoid  fever 

uid  certain  intestinal  diseafies  ueem  to  be  diret-tly  traceable 
to  icc-formatiou.     This  may  have  been  on  account  of  llio 

tvertaxing  of  the  filters  through  iuereflsed  difficulty  in 
working,  or  becauiie  tlie  sediment  layer  and  the  saud  were 
disturbed  in  the  removal  of  the  ice. 

As  already  stated,  the  materials  used  practically  every- 
where are  clean  sand  and  gravel,  and  the  sharper  the 
nd-grains  the  better.  At  the  Lawrence  Exjwriment 
Station  of  the  Massaclmsetts  State  Board  of  Health  "  the 
size  of  a  sand-grain  is  uniformly  taken  aa  the  diameter  of 
a  sphere  of  equal  volume,  regardless  of  its  shape."  More- 
over, as  it  is  "the  finest  portion  which  mainly  determinefl 
the  chnracter  of  sand  for  filtmtion,"  the  effective  »ae  is 
taken  to  be  "  the  size  of  a  grain  snch  that  10  per  cent,  by 
weight  of  the  particles  are  smaller  and  90  per  cent,  are 
lat^r  than  itself."  As  uniformity  of  grain  is  also  im- 
portant, the  uniformly  eoejficinit  is  "  the  ratio  of  the  size 
of  grain  which  has  60  per  cent,  of  the  sample  finer  than 
itself  to  the  size  which  has  10  per  cent,  finer  than  itself." 
Obviously,  the  velocity  of  water  thniugli  a  layer  of  sand 
will  depend  upim  the  effective  sixe  of  the  grain,  the  thick- 
ness of  the  luypr  thnnigh  which  the  water  posses,  and  the 
loaa  of  head  due  to  the  frictlonal  resistance  of  the  saud. 
A  rise  in  temperature  causes  a  prt^ressive  increase  in 
velocity. 

The  effective  sizes  of  sand-grain  in  use  in  most  of  the 
foreign  filters  average  from  0.31  to  0.40  mm.  In  gen- 
eral, it  may  l>c  sai<l  that  the  finer  the  sand  the  better  is 
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the  quality  of  the  normal  filtrate  and  the  less  the  danger 
of  an  unsafe  effluent  in  case  the  sediment  layer  on  top  of 
the  sand  is  broken ;  but,  on  the  otiier  hand,  eust  of  filtra- 
tion increases  with  the  smulluess  of  sand-grain,  ^nce  the 
fillers  must  be  cleaned  oftener  and  fine  sands  are  harder 
to  wash,  as  well  as  because  the  velocity  of  flow  is  slower 
through  fine  sands.  All  things  considered,  tliebestresidts 
will  probably  he  obtained  with  a  sand  having  a  uniformity 
coefficient  of  not  more  than  3 — the  lower  the  better — and 
an  effective  size  of  from  0.20  to  0.35  ram.,  the  latter 
depending  largely  upon  the  character  and  clearness  of 
the  water  to  be  filtered. 

The  thickness  of  the  sand  layer  should  be  such  that  it 
may  Ive  scra|)ed  a  number  of  times  before  beaiming  so 
tliin  as  to  re<iuire  replacing.  The  German  Imperial  Board 
of  Healtli  requires  a  thickness  of  at  least  twelve  inches 
after  the  last  scraping ;  while  the  original  thickness  should 
be  from  twenty-four  to  forty-eight  inches,  the  thicker  the 
better,  provided  the  cost  of  tlie  filter  be  not  made  too 
great  and  the  rate  of  filtration  be  not  too  much  dimin- 
ished. The  sand  should  be  of  the  Hime  dt^ree  of  fine- 
ness throughout. 

Aa  for  the  gravel  beneath  the  sand,  there  is  no  reason 

wliy  it  should  be  of  excessive  thickness.     A  depth  of  one 

fix>t  is  probably  suffideut,  pro^-idcd  the  stones  arc   of 

var}'ing  size,  so  arranged   that   the  sand  above  will  BOt 

work  into  and  through  the  interstices,  and  that  the  water 

may  freely  enter  the  under-drains  at  low  velocity.     The 

of  head  in  water  flowing  through   a  thin  layer  of 

ravel  properly  placed  is  comparatively  slight.     Foreign 

liters  do  have  a  gravel  layer  of  twii  feet  or  more  in  tlnek- 

J'jttfle,  as  a  rule,    but   careful   experiments  at  Lawrence, 

[ass.,  show  that  this  depth  is  unnecessary,  provided  that 
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the  gravel  is  properly  laid  as  indicatfd,  sind  that  tlia 
under-draios  are  not  too  far  apart. 

The  under-draina  should  be  of  such  size  and  so  con- 
structed tliat  the  frictional  resistance  which  they  otfer  to 
the  flow  of  the  water  is  only  a  small  percentage  of  that  of 
the  clean  sand,  and  that  the  rate  of  filtration  is  the  game 
over  the  whole  area  of  tlie  filter.  There  is  usually  a  main 
drain  along  the  middle  of  the  filter-floor  with  snmller  par- 
allel lateral  drains  leading  into  it  at  regular  intervals. 
The  drains  may  be  made  of  brick  with  open  joints,  or, 
fur  the  laterals,  of  tile,  which  is  usually  cheaper.  Care 
must  always  be  had  that  the  openings  are  sufficient  in 
numlwr  and  size  to  admit  the  water  freely. 

The  area  drained  should  vary  from  about  300  square 
feet  for  a  4-inch  lateral  drain  to  4400  square  feet  for  a 
12-inch  main,  the  velocity  of  flow  in  these  being  respec- 
tively 0.30  and  0.61  foot  per  second  ;  while  larger  driiina 
should  have  a  cros.s-scction  of  at  least  one-si x-thouaandth 
of  the  drained  area.  The  European  custom  of  ventilate 
ing  drains  by  means  of  pipes  passing  up  through  the  sand 
and  water  al»ve  is  not  to  be  commended,  since  such  ven- 
tilation apparatus  is  unnecessary,  increases  the  cost  of  the 
filters,  and,  what  is  worse,  may  allow  impnritica  to  con- 
taminate the  filtered  water  in  the  iindeiMl rains. 

Recently  it  has  l>een  suggested  that  the  filter-beds  be 
construct«l  directly  over  the  flt<)rage  reservoirs  for  the 
filtered  water,  the  beds  being  supported  on  suitable  steel 
columns  resting  on  concrete  foundations  in  the  bottom  of 
the  reser\-oirs.  The  bottom  layer  of  the  filter,  composed 
of  gravel  or  broken  stone,  would  rest  on  steel  tubes  or 
bars  several  feet  above  the  level  of  the  water  in  the  reser- 
voir, thus  allowing  the  filtrate  to  be  aerated  as  it  falls 
through  the  intervening  space.     Thenretieally,  it  would 
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9wm  that  the  plan  is  a  good  one,  aud  actiml  nwultn  indi- 
cate Uiat  it  practically  is  so.  Hitnie  of  the  advantageti  are 
the  abseuce  of  iiuder-drains  and  loss  of  the  resistanue 
factor  due  to  tliem,  the  aeration  uf  the  filtrate  as  indi- 
cated, and  also  the  practieally  continuous  aeration  of  the 
filter-botl  itself,  thus  enabling  the  saprophytic  bacteria  in 
the  upper  layers  to  carry  on  their  work  of  oxidizing  and 
nitrifying   the  oi^nic   impurities   of   the   water.      One 


serious  objection  to  such  a  filter  is  that  an  accidental  over- 
flow would  contaminate  at  once  all  the  filtered  watiT  in 
the  stomge  reservoir. 

Although  it  has  been  the  custom  to  keep  the  depth  of 
water  upon  the  filter-lieds  in  excess  of  the  loss  of  liead, 

fis  not  essential.  On  foreign  filters  the  usual  depth  is 
36  to  52  inches,  though  less  than  this  might  suffice 
any  instances.  The  necessity  of  re^ilating  the  inflow 
lutfiuw  and  of  maintaining  a  constant  level  must  not 
rerlookcd  if  uniform  results  are  desired, 
mmarizing  tlie  preceding  [Statements,  the  loss  of  head 
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am!  rate  of  filtration  will  depend  upoa  the  depth  of  water 
ou  thti  filttrs,  the  thickness  of  the  sand  layer,  siau  of 
sand-gmius,  ret^istiince  of  under-drain^,  temperature,  etc., 
and  all  these  will  likcwicte  affect  both  the  cost  and  the 
efficiency  of  the  filtration. 

Where  the  water  is  taken  diroetly  from  h  river, 
the  opportunity  for  sedimentation  har^  been  hrief,  2,000,000 
gallons  i>er  acre  per  day  will  probably  be  a  safe  rate  of 
filtration  to  maintain  continuously,  though  with  a  clear 
water  or  in  emergencies  a  rate  one-half  greater  will  very 
likely  not  materially  alter  the  quality  of  the  filtered  water 
or  increase  the  risk.  But  in  general  as  the  rate  incrciiscs 
the  efficiency  decreases.  However,  very  careful  and 
thorough  cx|)erimentB  preliminary  to  the  construction  of 
the  Philadelphia  filters  have  shown  tliat  in  the  case  of 
some  waters,  at  least,  the  rate  may  safely  he  incre&sed 
to  even  5,000,000  and  sometimes  to  alraost  6,000,000 
gallons,  providetl  the  water  be  first  jiassed  through  a  so- 
called  "  rough  filter"  made  of  such  materials  as  broken 
coke,  lumps  of  burnetl  clay,  etc.  Where  the  filters  are 
construetetl  alxive  the  storage  reservoirs  in  the  manner 
describe<l,  it  is  elaime<l  that  much  larger  quantities  of 
water  may  be  filtered  in  a  given  time  with  equally  good 
results.  If  this  be  so,  it  is  probably  due  to  the  increased 
Baprophvtic  and  oxidizing  action  resulting  from  tlie  con- 
tinuous aeration  of  the  filter. 

As  the  sediment  accumulates  and  deepens  ujmu  thesnr- 
fece  of  the  sand  the  rate  of  flow  necessarily  diminishes, 
and  il  becomes  necessary  after  a  lime  Va  remove  the  de- 
posit. This  is  done  by  carefully  scraping  oflT  the  top  layer 
of  the  sand  to  the  depth  of  from  one-half  to  one  and  one- 
half  inches,  repeating  the  scraping  as  often  as  may  be 
necessary  until  tlie  thickness  of  sand-above  tlie  underlying 
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gravel  is  near  the  permissible  minimum.  Then  the 
sand  which  bos  been  remuvixl,  and  which  bag  mcanwliile 
IxHiH  thoroughly  wasbeJ  by  a  strcaai  of  the  tiltereil  water, 
driven,  if  necessary,  by  a  force-pump,  is  carefully  re- 
placed, packed,  aud  levelled  upon  the  beds.  These  do 
not  aguin  atbiin  their  greatest  efficiency  until  a  certain 
amount  of  sediment  from  the  water  has  once  more  col- 
lected upon  them,  and  it  is,  therefore,  not  advisable  to 
use  the  filtered  water  for  some  time  after  the  cleaniug 
and  until  bacteriological  testa  show  that  the  maximum 
purification  is  being  attained. 

An  esflcntial  in  the  management  of  all  large  filters  ia 
the  daily  bacteriological  and  chemical  examination  of  both 
the  filtered  and  unfiltered  water.  This  not  only  serves  to 
give  warning  of  any  accident  to  the  filter,  but  is  neces.sary, 
as  the  best  test  of  the  efficiency  of  a  sand  filter  is  the 
percentage  of  bacteria  which  it  takes  from  unfiltered 
water.  Unless  a  filter  is  holding  back  from  98  to  99  per 
cent,  or  more  of  the  bacteria,  it  needs  close  inspection, 
although  it  must  be  remembered  that  it  is  more  difficult 
to  get  gixKl  results  with  a  badly  jKilIuted  water  than  with 
one  that  is  comparatively  pure. 

Domestic  Puriflcation  of  Water.— Boiling  destroys 
living  org:nii.smH  and  disease  germs  ;  it  also  drives  off  tlie 
carbon  dioxide  and  other  gases  of  the  water  and  causes 
the  precipitation  of  many  mineral  substances  held  in  solu- 
tion by  these  gases.  This  is  especially  the  case,  as  has 
been  stated,  where  the  water  is  hard  from  the  presence  of 
calcium  bicarbonate  in  excess;  but  iron  is  also  often 
thrown  down  by  Ixiiling.  If  the  water  contains  a  very 
fine  sediment,  not  removed  by  settling  or  filtration,  it  may 
be  advantageous  to  add  a  little  alum  and  chalk  to  produce 
floccnient  precipitate   already  describe*!.     Potassium 
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permanganate  hua  little  effect  iu  jmrifjiug  a  foul  water. 
Agitation  with  iron-filings  may  do  a  little  gootl  by  favor- 
ing oxidation  of  organic  matters.  Taimin  is  believed  to 
destroy  micro-orgauisms,  and  a  barmful  water  may  eome- 
timea  be  made  usable  by  boiling  with  tea-leaves  or  other 
aatriugenta.  Citric  acid  ia  said  to  destroy  alga;.  Aera- 
tion and  agitation  improve  a  water  ailer  distillation  or 
boiling  by  restoring  oxygen  and  also  by  oxidizing  organic 
matters.  Remember  that  boiled  water  is  prone  to  take 
up  gases  of  any  kind,  whether  impure  and  offensive  or 
otherwise.  Organic  matters  are  got  rid  of  by  boiling, 
exposure  to  air,  agitation,  addition  of  alum,  astringents, 
charcoal,  etc.;  calcium  bicarbonate,  by  boiling  or  by  add- 
ing caustic  or  slaked  lime  or  a  little  sodium  hydroxide ; 
iron,  by  boiling  and  by  adding  lime-water.  According  to 
Parkcs  and  Kideal,  fifteen  grains  of  acid  sodium  sulphate 
to  the  pint  (1  in  500)  will  destroy  typhoid  bacilli  in  five 
minutes.  Calcium  and  magnesium  sulphates  and  chlorides 
cannot  readily  be  removed.  Some  plants  help  to  purify 
by  means  of  the  oxygen  which  they  give  to  the  water. 

Distillation  gives,  of  course,  a  water  free  from  harmful 
impurities,  but  it  has  lost  it*  gases,  and  may  be  improved 
in  palalability  by  aeration  or  by  being  charged  with  carbon 
dioxide  gas.  Stills  for  domestic  use,  capable  of  supplying 
an  abnndance  of  water  for  drinking  and  cooking  purposes, 
can  now  be  purchase<l  at  m(«lerat«  cost.  The  main  objec- 
tion to  distillation  in  the  household  is  that  the  process  is 
somewhat  slow  and  tedious. 

Comparatively  recently  an  apparatus  has  been  invented 
and  introduced  which  furnishes  a  boiled  water  free  from 
disease  germs,  yet  unchanged  in  taste  by  the  boilinji,  and 
at  nearly  the  same  temperature  as  the  water  entering  the 
apparatus.     This  is  the  Forbes  (formerly  the  Waterhouse- 


FofIks)  sterilizer.  TLc  principles  involved  in  its  coii- 
titrucduu  and  opemtioo  are  tbat  only  a  Bmall  bulk  of 
water  is  being  boiled  at  any  iuiitaut;  that  it  ie  boOi-d 
for  only  a  very  aliort  time,  tlms  preventing  loss  of  tbe 
original  gases  and  taste ;  tliat  all  disease  germs  are  killed 


niagnmniallc  npreBenUUcm  of  tbc  principle  of  the  Forbm  it«rlliicT. 

by  the  boiling;  that  it  ia  impossible  for  water  wliich 
has  not  been  boiled  to  pass  through  the  apparatus;  and 
that  the  heat  of  the  boilc<l  water  is  use<l  Ui  warm  the 
unboiled  water  (thus  economizing  fuel)  at  the  same  time 
that  the  latter  is  made  to  enol  the  former. 

Reference  to  the  di^^m  (Fig.  39)  shows  that  the  water 
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can  rise  no  higher  than  the  level  A'  until  it  "  boils  oeer  " 
through  the  spout  a  into  the  receiver  b.  The  interchange 
of  heat  takes  place  through  the  diaphragm  c,  which  in  the 
ap^jaratus  itself  is  very  thin  and  corrugated,  no  as  to 
expose  a  large  surface  to  the  water  on  the  two  sides  of  it. 

Tliia  apparatus  is  furnished  in  a  suitable  size  for  house- 
hold use.  It  is  also  made  on  a  large  scale  and  in  a  con- 
venient form  for  transportation,  having  been  adopted  by 
the  United  States  Army  as  being  "  well  adapted  for  the 
abundant  supply  of  sterile  water  to  troops  in  the  field." 
The  Board  of  Medical  Officers  appointed  by  the  Surgeon- 
General  of  the  Army  to  consider  the  filters  and  other  ap- 
paratus of  the  kind  submitted  made  the  following  report : 

"  The  advantages  of  this  most  ingenious  water  steril- 
izer are ;  First.  That  water  passing  through  it,  although 
brought  to  the  boiling-point,  is  maintained  at  this  tem- 
perature for  so  short  a  time  as  not  to  be  deprived  of  its 
natural  gases,  and  hence  not  rendered  unacceptable  to  the 
taste.  Second.  That  all  living  micro-organisms  .  .  . 
arc  destroyed  by  the  d^ree  of  heat  attained  during  the 
passage  of  the  water  through  the  apparatus.  Third.  It 
furnishes  an  abundant  supply  of  practically  sterile  water, 
and  may  lie  kept  in  action,  if  necessary,  for  the  entire 
twenty-four  hours  without  renewing  the  supply  of  oil  in 
the  reservoir,  and  at  a  cost  of  about  one-fourth  of  a  cent 
on  hour.  Fourtli.  The  water,  having  been  slowly  heated 
until  it  reaches  temporarily  the  boiling-point,  is  afterward 
ooolcd  to  within  4  or  5  d^rees  F.  of  the  water  entering  the 
apparatus.  This  is  one  of  the  impiirtant  advantages  pos- 
sessed by  this  sterilizer.  By  placing  the  bottom  of  the 
exchange  in  a  freezing  mixture  the  temjterature  of  the  ster- 
ilized water  as  it  flows  from  the  machine  may  be  reduced 
below  40°  F.     Fifth.  Its  durability  and  freedom  trom 


liability  to  breakage.  Sixth.  The  facility  with  which  the 
ap]>aratuE  may  be  put  together  and  entirely  taken  apart ; 
only  one  tool,  a  wrench,  being  required  for  this  purpose. 
Seventh.  The  facility  with  which  the  apparatus  can  be 
thoroughly  cleansed.  This  is  effected  by  the  removal  of 
the  rubber  cocks,  thus  permitting  a  complete  flushing  out 
of  both  exchanges.  The  fact  that  the  apparatus  does  not 
clarify  the  water  is  also  deemed  of  no  particular  impor- 
tance by  the  Board,  since  this  may  be  easily  effected  prior 
to  its  passage  through  tlie  sterilizer  by  means  of  one  or 
two  water  barrels  partially  filled  with  fine  and  coarse  sand 
and  placed  at  a  proper  height  above  the  sterilizer.  As  a 
result  of  exhaustive  experiments  .  .  .  the  Board  is  of  the 
opinion  that  this  sterilizer  is  superior  to  all  filters  or  other 
water  sterilizers  submitted  for  trial.  We,  therefore,  aft«r 
a  careful  consideration  of  the  requirement*,  resjwctfuUy 
recommend  that  tlie  Forbes  sterilizer  be  issued  for  the  use 
of  troops  ser^Hng  in  the  field." 

House  filters  are  dangerous  unless  properly  cared  for, 
and  may  give  more  and  worse  impurities  to  the  wat«r 
than  they  take  from  it.  MTiat  a  filter  takes  from  a  water 
is  left  in  the  filter  unless  otherwise  removed,  and  an  accu- 
mulation of  such  impurities  cannot  improve  the  water 
passing  through  them.  The  organic  matters  will  undergo 
decomposition  and  putrefaction,  and  will  furnish  a  good 
culture-medium  for  bacteria,  and  these,  together  with  the 
putrefaction-products,  will  in  most  cases  be  carried  through 
the  filter  with  and  by  the  filtered  water.  A  filter  has  no 
miraculous  power  to  annihilate  filth,  and  the  size  of  a, 
filter  must  always  limit  the  work  it  can  do,  whatever  the 
materials  use<I. 

According  to  Parkes,  the  requisites  of  a  good  filter  are : 

That  every  part  slutU  be  easily  accessible  for  cleansing 
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or  renewing  the  medium.  2.  That  the  filtering  medium 
shall  have  sufficient  purifjing  power  and  be  present  in 
sufficient  quantity.  3.  That  the  medium  give  nothing  to 
the  water  favoring  the  growtli  of  low  forms  of  life.  4.  That 
tlie  purifying  power  be  reasoniLbly  lasting.  5.  That  therB 
be  nothing  in  the  construction  of  the  filter  itself  capable 
of  undei^ing  putrefaction  or  of  yielding  metallic  or  other 
impurities  to  the  water.  6.  That  the  filtering  material 
shall  not  clog,  and  that  the  flow  of  water  be  reasonably 
rapid;  to  which  may  be  added:  7.  That  the  filtering 
me<]ium  be  such  that  it  can  be  readily  cleansed  and  ster- 
ilized, or  else  so  cheap  that  the  removal  and  replenishing 
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may  not  be  neglected  when  necessary  on  account  of  the 
expense. 

House  filters  may  be  divided  into  three  classes :  (o) 
those  entirely  disconnected  from  the  water-supply  pipes 
of  the  house;  (6)  those  connected  with  the  water-pipes, 
but  intended  to  filter  only  a  limited  quantity,  as  for  drink- 
ing, cooking,  etc, ;  (c)  those  connected  with  the  house  ser- 
vice-pipe and  intended  to  filter  all  the  water  use*!  in  the 
house.  The  same  filtering  media  may  be  use<l  in  all  three 
classes,  but  tt  will  be  fimnd  best  in  the  two  first  to  employ 
sut>stanccs  through  which  (he  water  passes  slowly,  while 
the  latter  class  must  necessarily  filter  the  water  more  rap- 
idly in  order  t<i  yield  a  sufficient  supply.     It  will  often  be 


^^      liltc 
^H    Mat 


188  WATER. 

the  quality  of  the  normal  tiltrjtfi  and  the  less  the  danger 
of  an  unrtafe  effiucnt  in  case  the  sediraenl  layer  on  tti|)  of 
the  sand  is  broken  j  but,  on  the  other  hand,  cost  of  filtra- 
tion increases  with  the  smallness  of  tiand-gniii),  s^inee  the 
filters  must  be  cleaned  ofteuer  and  fine  sands  arc  harder 
to  wash,  OS  well  as  because  the  velocity  of  flow  is  slower 
thruugli  fine  sands.  All  things  considered,  the  best  results 
will  probably  be  obtwued  with  a  sand  liuvitig  a  uniformity 
cueHicieut  of  not  more  than  3 — ^the  lower  the  better — and 
an  efl'ective  size  of  from  0,20  to  0.35  mm.,  the  latter 
depending  largely  upon  the  character  and  clearness  of 
the  water  to  be  filtered. 

The  tliickness  of  the  sand  layer  should  be  such  that  it 
may  be  ficrajted  a  number  of  times  before  becoming  so 
thin  as  to  require  replacing.  The  German  Imperial  Board 
of  Health  rt^nires  a  thickness  of  at  least  twelve  inches 
after  the  last  scraping ;  while  the  original  thickness  should 
be  from  twenty-fonr  to  forty-eigiit  inches,  the  thicker  the 
better,  provided  the  cost  of  tlie  filler  In;  not  made  too 
great  and  the  rate  of  filtration  Ix-  not  too  much  dimin- 
ished. The  sand  should  be  of  the  same  degree  of  fine- 
ness throughout. 

As  for  the  gravel  beneath  the  sand,  there  is  no  reason 
why  it  should  be  of  excessive  thickness.  A  depth  of  one 
foot  is  probably  sufGcient,  provided  tlie  stones  are  of 
varying  size,  so  arranged  that  the  sand  alxtve  will  not 
work  into  and  through  the  interstices,  and  that  the  water 
may  freely  enter  the  under-drains  at  low  velocity.  The 
loss  of  head  in  water  flowing  through  a  thin  layer  of 
gravel  properly  placed  is  comparatively  slight.  Foreign 
filters  do  have  a  gravel  layer  of  two  feet  or  more  in  thick- 
ness, as  a  rule,  but  careful  experiments  at  Lawrence, 
Mass.,  show  that  this  depth  is  unnecessary,  provided  that 
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the  gravel   is  properly  laid  as  indicated,  and  tlmt  the 
uiider-drains  are  not  too  far  apart. 

Tlic  under-draias  should  be  of  such  size  and  bo  oon- 
structcd  that  the  frictioiial  resistance  which  they  offer  to 
the  flow  of  the  water  is  only  a  small  percentage  of  that  of 
the  clean  sutid,  and  that  the  rate  of  filtration  is  the  same 
over  tlie  whole  area  of  the  filter.  There  is  usually  a  main 
drain  along  the  middle  of  the  filter-floor  with  snmller  par- 
allel lateral  drains  leading  into  it  at  regular  intervals. 
The  drains  may  he  made  of  brick  with  open  joints,  or, 
for  the  laterals,  of  tile,  which  is  usually  eheapor.  Care 
must  always  be  had  that  the  openings  are  sufficient  id 
numlier  and  size  to  admit  the  water  freely. 

The  area  drained  should  vary  from  about  300  square 
feet  for  a  4-inch  lateral  drain  to  4400  square  feet  for  a 
12-inch  main,  the  velocity  of  flow  in  these  being  respec- 
tively 0.30  and  0.51  foot  per  second  ;  while  lai^r  drains 
should  have  a  cross-section  of  at  least  one-six-tliousandth 
of  the  drained  area.  The  European  custom  of  ventilate 
ing  drains  by  means  of  pipes  passing  up  through  the  sand 
and  water  above  is  not  to  be  commended,  since  such  ven- 
tilation apparatns  is  unnecessary,  increases  the  cost  of  the 
filters,  and,  what  is  worse,  may  allow  impurities  to  con- 
taminate the  filtered  water  in  the  under-drains. 

Recently  it  has  l>een  suggested  that  the  filter-beds  be 
constructed  directly  over  the  storage  reservoirs  for  the 
filtered  water,  the  beds  being  supported  on  suitable  steel 
columns  resting  on  concrete  foundations  in  the  bottom  of 
the  rcsers-oirs.  The  bottom  layer  of  the  filter^  composed 
of  gravel  or  broken  stone,  would  rest  on  steel  tubes  or 
bars  several  feet  above  the  level  of  the  wat*r  in  the  reser- 
voir, thus  allowing  the  filtrate  to  be  aerated  as  it  fii 
through  the  intervening  space.     Theoretically,  it  would 
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Stiom  that  the  plan  is  a  good  one,  and  actual  n»ulb«  indi- 
cutf  tliat  it  pructicfllly  ie  so.     iSume  of  the  advuntag^es  are  I 
t)iL>   abseiKV  of  undoiMlniins  and  loss  of  the  resistanue  ] 
factor  due  to  them,  the  aeration  of  the  filtrate  as  indi-  ] 
eated,  and  also  the  practically  continuous  aeration  of  the 
filter-bed  itself,  thus  enabling  the  saprophytic  bact«ria  in 
the  upper  layers  lo  carry  on  their  work  of  oxidizing  and 
nitrifying   the   organic   impurities  of    (he   water.      One 
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s  objection  to  such  a  filter  is  that  an  acci<lental  ovd 
flow  would  contaminate  at  once  all  the  filtered  water  iaf 
the  storage  rpser\'oir. 

Although  it  has  l>een  the  cuetoin  to  keep  the  depth  of 
water  upon  the  filter-beds  in  excess  of  the  li>s3  ol"  head, 
this  is  not  essential.  On  foreign  filters  the  usual  depth  is 
from  36  to  52  inches,  though  leRS  than  this  might  suffice 
in  many  instances.  Tiie  necessity  of  regulating  the  inflow 
and  outflow  anil  of  maintaining  a  constant  level  must  not 
be  overlooked  if  uniform  results  are  desired. 

Summarizing  the  preceding  statements,  the  loss  of  head 
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anil  rate  of  filtration  will  (impend  upon  the  depth  iif  water  1 
oil  the  filters,  the   thicknpss  of  the  sand  layer,  eize  of 
sand-grains,  resistance  of  undern;! rains,  temperature,  etc., 
and  all  these  will  likewise  affect  both  the  c<)st  and  the 
efficiency  of  the  fillration. 

Where  the  water  is  taken  direrlly  from  a  river,  or  if 
the  opportunity  for  sedimentation  lias  been  brief,  2,000,000 
gallons  per  acre  per  day  will  prububly  lie  a  safe  rate  of 
filtration  to  maintain  continuously,  though  with  a  elear  1 
Avater  or  in  emergencies  a  rate  one-half  greater  v;'\\\  very 
likely  not  niat^rially  alter  the  <]uulity  uf  the  filtered  water 
or  increase  the  risk.  But  in  general  as  the  rate  ii 
the  efficiency  decreases.  However,  very  earefui  and 
thorougli  experiments  preliminary  to  the  construction  of 
the  Philndelphia  filters  have  shown  that  in  the  ease  of 
some  waters,  at  least,  the  rate  may  safely  be  increased 
to  even  5,000,000  and  sometimes  to  almost  6,000,000 
gallons,  provide*!  the  water  be  first  passed  through  a  so- 
calle^l  "  rough  filter "  made  of  such  materials  as  broken 
coke,  lumps  of  biimetl  clay,  etc.  Where  the  filters  are 
construcled  alwve  the  storage  reservoirs  in  the  manner  J 
described,  it  is  claimed  that  much  larger  quantities  of 
water  may  be  filtered  in  a  given  time  with  equally  good 
results.  If  this  be  so,  it  is  probably  due  to  the  increased 
saprophytic  and  oxidizing  action  resulting  from  the  con- 
tinuous aeration  of  the  filter. 

As  the  s»liment  accumuktes  and  deepens  upon  the  sur- 
iace  of  the  sand  the  rate  of  flow  necessarily  diminishes, 
and  it  becomes  neccssarj-  after  a  lime  to  remove  the  de- 
posit. This  is  done  by  carefully  scraping  off  the  top  layer 
of  the  sand  to  the  depth  of  from  one-half  to  one  aud  one- 
half  inches,  repesiting  the  scraping  as  often  as  may  be 
Deceasary  until  the  tldekness  of  sand-aljove  the  underlying 
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grave!  is  near  the  permissible  minimtim.  Then  the 
sand  whiuh  has  been  removed,  and  which  has  meanwhile 
betin  thoroughly  washed  by  a  stream  of  tlie  filteretl  water, 
driven,  if  necessary,  by  a  force-pump,  is  carefully  re- 
plHce<l,  packt3d,  and  levelled  upon  the  beds.  These  do 
not  again  attain  their  greatest  efficiency  until  a  certain 
amount  of  sediment  from  the  wat<?r  has  oucc  more  col- 
lected upon  them,  and  it  is,  therefore,  not  advisable  to 
use  the  fitterod  water  for  some  time  after  the  cleaning 
and  until  bacteriological  tests  show  that  the  maximum 
purificution  is  lieiug  attained. 

An  essential  in  the  management  of  all  lai^  filters  is 
the  daily  bacteriological  and  chemical  examination  of  both 
the  filtered  and  unfiltered  water.  This  not  only  serves  to 
give  warning  of  any  accident  to  the  filter,  but  is  necessary, 
as  the  best  test  of  the  efficiency  of  a  sand  filter  is  the 
percentage  of  bacteria  which  it  takes  from  imfiltered 
water.  Unless  a  filter  is  holding  back  from  98  to  99  per 
cent,  or  more  of  the  bacteria,  it  needs  close  inspection, 
although  it  must  be  remembered  that  It  is  more  difficult 
to  get  gowl  results  witli  a  badly  polluted  water  than  with 
one  that  is  comparatively  pure. 

Domeatic  Puriflcatioii  of  Water.— Boiling  destroys 
living  organisms  and  disease  germs  ;  it  alsii  drives  off  the 
carbon  dioxide  and  other  gases  of  the  water  and  causes 
the  precipitation  of  many  mineral  substances  held  in  solu- 
tion by  these  gases.  This  is  especmlly  the  case,  as  has 
been  stated,  where  tlie  water  is  hard  from  the  presence  of 
calcium  bicarbonate  in  excess ;  but  iron  is  also  often 
thrown  down  by  boiling.  If  the  water  e(>nlains  a  very 
fine  sediment,  not  removed  by  settling  or  filtration,  it  may 
be  advantageous  to  add  a  little  alum  and  chalk  to  produce 
the   flocculent  precipitate  already  described.     Potassium 
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permanganate  has  little  effect  iu  purifying  a  foul  water. 
Agitation  with  iron-filiDgs  may  do  a  little  good  by  favor- 
ing oxidation  of  oi^anie  matters.  Tannin  ia  believed  to 
destroy  micro-organisms,  and  a  harmiul  water  may  some- 
times be  made  usable  by  boiling  with  tea-leaves  or  other 
astringeuLs.  Citric  acid  is  said  to  destroy  algte.  Aerar 
tiou  and  agitation  improve  a  water  after  distillation  or 
boiling  by  restoring  oxygen  and  also  by  oxidizing  organic 
matters.  Hemember  that  boiled  water  is  prone  to  take 
up  gases  of  any  kiud,  whether  impure  and  offensive  or 
otherwise.  Organic  matters  are  got  rid  of  by  boiling, 
exposure  to  air,  agitation,  addition  of  alum,  astringents, 
charcoal,  etc.;  calcium  bicarbonate,  by  boiling  or  by  add- 
ing caustic  or  slaked  lime  or  a  little  sodium  hydroxide ; 
iron,  by  boiling  and  by  adding  lime-water.  According  to 
Parkes  and  Rideal,  fiAeen  grains  of  acid  sodium  sulphate 
to  the  pint  (1  in  500)  will  destroy  tj-phoid  bacilli  in  five 
minutes.  Calcium  and  magnesium  sulphates  aud  chlorides 
cannot  readily  be  removed.  Some  plants  help  to  purify 
by  means  of  the  oxygen  which  they  give  to  the  water. 

Distillation  gives,  of  course,  a  water  free  from  harmful 
impurities,  but  it  has  lost  it'^  gases,  aud  may  be  improved 
in  palatability  by  aeration  or  by  being  charged  with  carbon 
dioxide  gas.  Stills  for  domestic  use,  capable  of  supplying 
an  abundance  of  water  for  drinking  and  cooking  purfKises, 
can  now  be  purchased  at  moderate  cost.  The  main  objec- 
tion to  distillation  in  the  household  is  that  the  process  is 
somewhat  slow  and  tedious. 

Comparatively  recently  an  apparatus  has  been  invented 
and  introduced  which  furnishes  a  boilwl  water  free  from 
disease  germs,  yet  unchanged  in  taste  by  the  boiling,  and 
at  nearly  the  same  temperature  as  the  water  entering  the 
apparatus.     This  is  the  Forbes  (formerly  the  Waterbouse- 
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Forbes)  sterilizer.  Tbe  principles  involved  in  its  coii- 
striietiou  aud  operation  are  that  only  a  small  bulk  of 
water  is  being  boileil  at  any  instant;  that  it  is  boiled 
for  only  a  very  short  time,  thus  preventing  loss  of  the 
original  gases  and  taste ;  that  all  disease  germs  are  killed 
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by  the  boiling;  that  it  is  impossible  for  wat*r  which 
lias  not  liecn  boiled  to  pass  through  the  apparatus ;  and 
that  the  heat  of  the  boile<l  water  is  used  to  warm  the 
unboiled  water  (thus  economizing  fuel)  at  the  same  time 
that  the  latter  is  made  to  cool  the  former. 

Reftrcnce  to  the  diagram  (Fig,  39)  shows  that  the  water 
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can  rifle  no  higher  than  the  level  X  until  it  "boils  orer" 
through  the  spout  a  into  the  receiver  6.  The  interchange 
of  heat  tjkkes  place  through  the  diaphragm  c,  which  in  the 
apparatiLs  itself  is  very  thin  and  corrugated,  so  as  to 
expose  a  large  surface  to  the  water  on  the  two  sides  of  it. 

This  apparatus  ia  furniahed  in  a  suitable  size  for  house- 
hold use.  It  is  also  made  on  a  large  scale  and  in  a  con- 
venient form  for  transportation,  having  been  adopted  by 
the  United  States  Army  as  being  "well  adapte<.l  for  the 
abundant  supply  of  sterile  water  to  troops  in  tiie  field." 
The  Board  of  Medical  Officers  appointed  by  the  Surgeon- 
General  of  the  Army  to  consider  the  filter?  and  other  ap- 
paratus of  the  kind  submitted  made  the  following  report : 

"The  advantages  of  this  most  ingenious  water  steril- 
izer are :  First.  That  water  passing  through  it,  although 
brought  to  the  boiling-point,  is  maintained  at  this  tem- 
perature for  so  short  a  time  as  not  to  be  deprived  of  its 
natural  gases,  and  hence  not  rendered  unacceptable  to  the 
taste.  Second.  That  all  living  micro-organisms  .  .  . 
are  destroyed  by  the  degree  of  heat  attained  during  the 
passage  of  the  water  through  the  apparatus.  Third.  It 
furnishes  an  abundant  supply  of  practically  sterile  water, 
and  may  be  kept  in  action,  if  necessary,  for  the  entire 
twenty-four  hours  without  renewing  the  supply  of  oil  in 
the  reservoir,  and  at  a  cost  of  about  one-fourth  of  a  cent 
an  hour.  Fourth.  The  water,  having  been  slowly  heated 
until  it  reaches  temporarily  the  boiling-point,  is  afterward 
cooled  to  within  4  or  5  degrees  F.  of  the  water  entering  the 
apparatus.  Tins  is  one  of  the  important  advantages  pos- 
sessed by  this  sterilizer.  By  placing  the  bottom  of  the 
exchange  in  a  freezing  mixture  the  tom[>erature  of  the  ster- 
ilized water  as  it  flows  from  the  machine  may  be  reduced 
below  40°  F,     Fifth,  Its  durability  and  freedom  from 
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liability  to  breakage.  Sixth.  The  facility  with  which  the 
ap]>aratus  may  be  put  together  aod  entirely  taken  apart ; 
only  one  twol,  a  wrench,  being  required  for  this  purpose. 
Seventh.  The  facility  with  which  tlie  apparatus  eaa  be 
tlioroughly  cleansed.  This  is  effected  by  the  removal  of 
the  rubber  cocks,  thus  permitting  a  complete  flushing  out 
of  both  exchanges.  The  fact  that  the  apparatiw  does  not 
clarify  tiie  water  is  also  deemed  of  no  particular  impor- 
tance by  the  Board,  since  this  may  be  easily  effected  prior 
to  its  passage  through  the  sterilizer  by  means  of  one  or 
two  water  barrels  partially  flUed  with  fine  and  coarse  sand 
and  placed  at  a  proper  height  above  the  sterilizer.  As  a 
result  of  exhaustive  experiments  .  .  .  the  Board  is  of  the 
opinion  that  this  sterilizer  is  superior  to  all  filters  or  other 
water  sterilizers  submitted  for  trial.  We,  therefore,  after 
a  careful  consideration  of  the  requirements,  respectfully 
recommend  that  the  Forbes  sterilizer  be  issued  for  the  use 
of  troops  serving  in  the  field." 

House  filters  are  dangerous  unless  proi)erly  cared  for, 
and  may  give  more  and  worse  impurities  to  the  water 
than  they  take  from  it.  'What  a  filter  takes  from  a  water 
is  left  in  the  filter  unless  otherwise  removed,  and  an  accu- 
mulation of  such  impurities  cannot  improve  the  water 
pasang  through  them.  The  organic  matters  will  undergo 
decomjx^sition  and  putrefaction,  and  will  furnish  a  good 
culture-medium  for  bacteria,  and  these,  tt^ether  with  the 
put  refaction -prod  nets,  will  in  most  cases  be  carried  through 
the  filter  with  and  by  the  filtered  water.  A  filter  has  no 
miraculous  power  to  annihilate  filth,  and  the  size  of  a 
filter  must  always  limit  the  work  it  can  do,  whatever  the 
materials  used. 

According  to  Parke,  the  requisites  of  a  good  filter  are: 
1.  That  every  part  shall  be  easily  acoesaiblc  for  cleausiog 
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or  renewing  the  medium.  2.  That  the  filtering  medium 
shall  have  sutHcient  purifying  jjower  and  be  present  in 
sufficient  quantity.  3.  That  the  medium  give  nothing  to 
the  water  favoring  the  growth  of  low  forms  of  life.  4.  That 
tlie  purifying  power  be  reaisonably  lasting.  5.  That  there 
be  nothing  in  the  construction  of  the  filter  itself  capable 
of  undergoing  putrefaction  or  of  yielding  metallic  or  other 
impurities  to  the  water.  6.  That  the  filtering  material 
shall  not  clog,  and  that  the  flow  of  water  be  reasonably 
rapid ;  to  which  may  be  added :  7.  That  the  filtering 
medium  be  aiich  that  it  can  be  readily  cleansed  and  ster* 
iltzed,  or  else  so  cheap  that  the  removal  and  replenishing 
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may  not  be  neglected  when  necessary  ou  account  of  the 
expense. 

House  filters  may  be  divided  into  three  classes :  (a) 
those  entirely  disconnected  from  the  water-supply  pipes 
of  the  house ;  (h)  those  connected  with  the  water-pipes, 
hut  intendwl  to  filter  only  a  limited  quantity,  as  for  drink- 
ing, cooking,  etp. ;  (c)  those  connected  with  the  house  ser- 
vice-pipe and  intended  to  filter  all  the  water  used  in  the 
house.  The  same  filtering  media  may  be  used  in  all  three 
clashes,  but  it  will  be  found  best  in  the  two  first  to  employ 
Bubtitances  through  which  the  water  passes  slowly,  while 
the  latter  class  must  necessarily  filter  the  wat«r  more  rap- 
,   idly  in  order  to  yield  a  sufficient  supply.     It  will  often  be 
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advantageous  to  have  a  settling  tank  connected  with  those 
of  the  first  clasij,  to  prolong  the  safe  use  of  the  filter  as 
long  as  possible ;  while  the  same  object  is  gained  in  some 
of  the  second  class  by  bringing  the  water  in  at  tlie  bottom, 
in  which  ease  there  should  be  a  space  below  the  filtering 
medium  to  allow  the  suspended  matters  to  fall  away  from 
the  latter,  Tliose  intemled  to  filter  the  whole  supply  of 
the  house  are  generally  cleansed  by  reversing  the  current 
and  wsabing  the  cwUected  dirt  out  of  the  filter  into  a  drain 
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or  sewer,  the  first  water  passing  through  the  filter  after 
this  ia  done  being  also  discarded.  In  such  filters  the 
quantity  of  filtering  material  should  be  sufficient  to  purify 
thoroughly  the  water  passing  through  it,  and  yd  should 
not  he  so  heavy  that  the  reverse  or  washing  current  can- 
not lift  it  and  separate  the  particles  so  that  hy  their  scour- 
ing action  upon  one  another  they  may  l>e  cleansed  and  all 
the  dirt  washed  out.  These  filters,  also,  may  be  so  ar- 
range<l  that  a  small  quantity  of  a  coagulant,  like  alum,  ia 
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automatically  added  to  tbe  water  before  filtration.  If  this 
be  done,  care  must  be  had  to  supply  no  more  of  the  coagu- 
lant than  suitable  tests  show  to  be  necessary,  else  the 
excess  may  be  carried  through  the  filter  iu  solutioa. 
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Several  filters  of  the  second  class  have  been  provided 
with  sclf-cli-ansing  devices  to  obviate  opening  or  taking 
the    filter  apart  as    frequently   as   would   otherwise   be 
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necessary.  Of  these  one  of  the  very  beat  is  that  of  thi 
Cohimbia  filter,  which  has  a  poivus  tube  (or  tul>es)  veij 
similar  to  those  of  the  Pasteur-C'hamberland  type^ 
Around  this  tul>e  is  a  mass  of  white  quartz  sand,  wbii^ 
is  set  in  active  motion  by  the  opening  of  tlie  cleandn^ 
valve  and  thoroughly  scours  the  exterior  of  the  filtering 
tube  until  the  latter  is  entirely  cleansed  of  the  suspended 
matter  which  it  has  removed  from  the  water.  Moreoverjj 
as  the  water  is  received  into  an  air-tight  reservoir  and 
accumulates  there,  when  not  immediately  used,  until  the 
air-pressure  in  the  reservoir  equals  the  pressure  in  the 
strect^main,  the  opening  of  the  cleansing  valve  permits  the 
compressed  air  to  drive  the  filtered  water  hack  through  tbQ 
filtering  tube  and  thus  to  cleanse  its  [tores  of  any  impuri>i 
ties  that  may  have  entered  them,  A  few  moments  each 
day  and  the  turning  of  a  valve  suffice  ibr  the  cleansing^ 
and  so  effectual  is  it  that  most  of  the  objections  to  tube- 
filters  are  eliminated.  In  fact,  while  giving  a  gerra-frefl 
wiiter,  more  is  obtainable  per  day  per  tube  with  this  filter^ 
and  there  is  less  annoyance,  loss  of  time,  and  risk  of 
breakage  of  tubes  in  the  cleansing. 

No  matter  what  kind  of  filter  is  used,  the  drinking>^ 
water  should  ahvays  I>e  boiled  in  times  of  epidemics  <q 
when  the  water  before  filtration  is  especially  impure ;  foR 
though  the  Berkfeldt,  the  Pastcur-Chamberhind,  and  a  fei^ 
otlier  filters  are  practically  bacteria-proof,  there  always  re- 
mains a  possibility  that  disease  germs  may  by  some  meoiU) 
puss  through  the  filtering  medium  or  gain  access  to  tbS 
water  after  it  is  filtered.  The  writer's  own  opinion  is  tha^ 
there  is  a  saprojthytic  or  biologic  action  in  most  good  filter^ 
that  are  rt>gularly  and  fretjuently  cleaned  very  similar  16 
that  which  takes  place  in  filter-beds  on  a  large  scale,  and 
tliat  ordinarily  few,  if  any,  bacteria  pass  through  with  tlit 
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water ;  but,  nevertheless,  the  risk  should  not  be  taken  if 
there  is  danger  of  incurring  disease  at  any  time. 

Filters  in  which  the  material  is  cementwl  up  so  that  it 
cannot  be  removed  for  cleaning  or  renewal  should  not  be 
used.  Sponge,  wool,  etc.,  are  liable  to  decompose  and 
give  organic  matter  to  the  water  and,  moreover,  cannot  lie 
thoroughly  cleaned.  Asbestos  acts  only  as  a  mechanical 
Alter  and  may  allow  albuminous  matter  and  disease  germs 
to  pass.  Asbestosi'loth  may  be  used,  however,  to  support 
the  other  filtering  media  in  those  filters  where  the  water- 
supply  enters  at  the  bottom,  and  it  has  the  advantage  that 
it  can  be  perfa-tly  sterilized  by  fire.  Small  tap  filters  are 
insufficient  for  the  work  required  of  them  and  soon  clog. 
PiK-ket  filters  are  simply  strainers,  and  have  little  oxi- 
dizing power.  They  may  be  quite  useful  for  tourists, 
hunters,  etc.,  but  should  be  frequently  sterilized  by  boil- 
ing. Ordinarily,  filters  should  not  be  placed  in  rain-water 
cisterns,  but  outside,  where  they  may  be  readily  cleaned. 

Among  the  best  filtering  metlia  are  sand,  animal  char- 
coal, magnetic  carbide  of  iron,  spongy  iron,  etc,  Unglazed 
porcelain  or  bisque,  as  is  used  in  the  Paste ur-Chamberland 
filter,  is  an  excellent  medium,  and  is  practically  germ- 
proof,  though  some  observers  state  that  bacteria  will  pass 
through  uncleaned  filters  of  this  material  afler  five  or  six 
days.  Others  claim  that  these  are  not  bacteria,  but  only 
the  mycelia  of  certain  budding  fungi,  with  no  power  of 
reproduction,  and  the  former  statement  seems  to  have  been 
positively  disprove*!  with  respect  to  llie  germs  of  typhoid 
fever,  colon  liacilli,  and  similar  oi^nisma.  The  tubes  of 
the  Berkfeldt  filter  were  formerly  made  of  diatomaceous 
earth,  moulded  into  Bha|)e  by  powerful  hydraulic  pressure, 
80  that  the  water  percolated  through  the  pores  of  the 
minute  fossil  shells  rather  than  between  them.     If  kept 
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must  l>e  cleaasixl  often.     Sharp,  clean  sand,  not  too  fine, 
has  fiiir  filtering  properties,  as  it  arrests  moet  of  the  bus- 
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pended  matters  and  bacteria,  beside  oxidizing  somewhat 
the  dissolve*!  oi^nic  matters.    It  makes  a  good  first  layer 
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for  a  filter,  because  it  is  cheap  and  can  be  easily  renewed 
or  else  readily  cleansed  and  sterilized  by  boiling.  Crushed 
quartz  is  of  practically  the  same  nature. 

Animal  charcoal  is,  when  fresh^  an  excellent  material^ 
as  it  removes  both  suspended  and  dissolved  matters, 
organic  and  inorganic,  and  even  color.  It  acts  both 
mechanically  and  chemically,  and  with  a  good  volume  of 
it,  water  may  pass  tlm>ugh  rapidly  and  be  well  purified. 
But  after  a  time  it  ceases  to  be  effective,  nor  must  water 
be  left  too  long  in  contact  with  it,  as  it  will  give  up 
organic  matter  to  the  water  again  and  also  calcium  phos- 
phate, the  latter  especially  favoring  the  development  of 
micro-organisms.  Moreover,  fresh  organic  matter,  and 
possibly  bacteria,  are  said  to  pass  through  it  readily, 
though  dead  or  decomposing  matter  is  retained  and 
rapidly  destroyed.  It  should  be  changed  or  cleansed, 
even  when  in  sufficient  bulk,  three  or  four  times  a 
year ;  oftener  if  the  water  to  he  filtered  is  very  impure. 
It  is  more  efficacious  than  any  other  substancxi  in  remov- 
ing lead  from  water. 

Magnetic;  carbide  of  iron  is  one  of  the  best  filtering 
materials,  as  it  has  considerable  power  in  oxidizing  or- 
ganic matters,  converting  them  into  nitrates  and  nitrites, 
the  action  l>eing  greater  the  longer  the  water  is  in  contact 
with  it.  It  acts  partly  by  surface  condensation  of  oxy- 
gen ;  partly,  perhaps,  by  electrolytic  action.  If  sand  be 
used  as  a  first  layer  to  remove  solid  matters  so  that  the 
water  reaches  the  carbide  perfectly  clear,  and  if  the  siuid 
be  frequently  renewed  or  cleans(Hl,  the  carbide  need  never 
be  changed ;  but  the  filtration  must  be  intermittent  so 
that  the  carbide  may  be  frequently  aerated.  Spongy  iron 
has  an  action  very  similar  to  that  of  the  magnetic  carbide 
on  organic  matters,  and,  like  it,  the  action  is  the  greater 
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the  longer  the  contact.  It  must  be  kept  covered  with 
water  to  prevent  rusting  and  eakiug,  and  should  be  re- 
newed about  once  a  year.  The  small  amount  of  iron 
that  the  magnetic  carbide  and  spongy  iron  give  to  the 
water  may  be  removed  by  passing  it  tlipough  a  layer  of 
pyrolueite — a  crude  magnesium  oside.  A  mixture  of 
pyrolusite  and  Band  or  crushed  quartz  makes  an  excellent 
filtering  materiul. 

Ice  should  not  be  added  to  filtered  or  drinking-water, 
as  freezing,  even  fitr  a  long  time,  may  not  kill  certain 
disease  germs.  Pnidden  has  kept  typhoid  bacilli  frozen 
in  ice  for  more  than  three  months  without  destroying  their 
(Kiwer  of  growth  and  rei>roducttoii  when  brought  to  a 
suitable  temperature.  The  sume  objections  do  not,  of 
course,  pertain  to  artificial  ice  carefully  made  from  dis- 
tilled water  as  to  that  from  polluted  ponds  or  rivers ;  but 
it  is  well  to  cool  the  water  by  placing  it  in  stop|>cred 
bottles  upon  ice  or  in  vessels  surrounded  by  ice  ratlier 
than  by  adding  the  ice  to  the  water  directly. 

The  inadvisability  of  using  ice-water  freely  as  a  bev- 
emgo  should  be  mentioned  here,  as  the  habit  is  almost 
certain  to  cause  much  harm  to  the  digestive  apparatus, 
and  to  give  origin  not  only  to  intractable  dyspepsias,  but 
to  troubles  even  more  serious.  If  used  at  all,  ice-watct 
should  l>e  taken  slowly  and  in  small  quantities,  and  as 
little  as  possible  should  be  imbibed  at  meal-time,  in  order 
to  prevent  chilling  of  the  stomach  and  consequent  cliet^k- 
ing  of  the  digestion.  Its  use  and  the  likiog  for  it  are 
mainly  a  matter  of  habit  which  it  is  hygienic  wisdom  to 
overcome. 

The  Examination  of  a  Drinking-water  should  have 
regard  to  its  physical,  bacterial,  and  chemical  properties 
as  well  as  to  a  consideration  of  all  the  couditions  affecting 
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its  source,  storage,  and  diHtributiou.  Consequently,  a 
decision  on  the  purity  of  water  should  be  governed  by 
all  the  available  knowledge  of  the  circumstauces :  whether 
it  ia  well-water,  spring- water,  rain-water,  or  river-water; 
wlietlier  it  has  been  at  any  time  exposed  to  pollution  ;  in 
what  kind  of  a  cistern  or  reservoir  it  has  been  ^Kired,  etc. 

A  physical  esamination  of  water  cansiders  the  color, 
clearuess,  sediment,  lustre,  taste,  and  smell.  Pure  water 
has  a  bluish  tint,  but  moat  waters  are  grayish,  greenish, 
yellow,  or  brown.  Yellow  or  brown  waters  are  subject  to 
suspicion,  as  the  color  may  be  due  to  animal  mutter  or  sew- 
age, though  vegetable  matters  or  iron  may  give  the  same 
color.  Green  waters  are  usually  harmless,  the  color  being 
due  to  vegetable  matters.  The  color  is  judged  by  allow- 
ing the  sediment  to  settle  and  then  siphoning  or  piiuring 
off  the  supernatant  water  into  a  tall  glass  vessel  or  tube 
to  the  depth  of  about  twenty-four  inches ;  the  color  is 
then  compared  with  that  of  a  similar  depth  of  distilled 
water,  looking  down  thniugh  both  upon  a  white  surface. 

The  clearness  uf  a  water  is  to  be  estimated  in  the  same 
way,  except  that  the  sediment  is  to  be  sliaken  up  with 
the  water,  Tlie  dejrtli  needed  to  obseure  print  of  a  cer- 
tain size  and  kind  of  ty[>e  may  be  used  as  an  index. 
Where  the  solid  matter  will  not  readily  settle,  owing  to 
the  n)inuteness  and  lightness  of  the  particles,  one  should 
determine  whether  the  use  of  a  coagulant  and  filtration  is 
^indicated,  or  whether  boiling  will  tend  to  precipitate  the 
idiment.  The  sediment  may  be  roughly  judged  by  the 
^eas  to  whether  it  is  mineral  or  otherwise ;  it  should  also 
e  examined  microscopically,  for  which  purpose  it  may  be 
*Ilected  by  iising  a  centrifugal  apparatus  or  by  allowing 
ft  to  settle  from  the  water  in  a  conical  glass  and  then 
'^ptnoving  it  to  the  slide  with  a  pipette.     Mineral  matters 
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are  recognized  by  tlieir  crystalline  or  amorphous  structure 
or  by  micro-chemical  tests;  vi^tuble  cells,  portions  of 
leaves,  etc,  by  their  structure  and  the  presence  of  chlo- 
rophyll ;  animal  substances,  as  hair,  wool,  epithelial  and 
other  cells,  by  their  peculiar  charactfristics.  Dark-brown, 
globular  masses  may  come  from  sewage.  Anytliing  indi- 
cating that  water  has  come  from  human  habitation  renders 
it  suspicious,  as  it  may  therefore  contain  sewage  or  other 
polluting  substances.  Some  of  tlie  larger  animalculte  and  | 
sometimes  iron  may  be  detected  with  the  naked  eye.' 

The  lustre  is  sup{K>3ed  to  indicate  the  amount  of  aera- 
tion ;  it  may  be  nil,  dull,  vitreous,  or  adamantine.  It 
should  not  be  fot^tten  that  a  very  impure  water  may  be 
clear,  briglit,  and  sparkling. 

Any  water  of  peculiar  or  unpleasant  taste  should  be 
considered  with  suspicion.  Dissolved  animal  matters 
may  be  tasteless,  but  suspended  substances  give  a  peculiar 
taste,  whether  animal  or  vegetal.  Iron  is  about  tlie  only 
ordinary  mineral  that  can  be  tasted  in  small  quantities. 
Good  water  depends  for  its  taste  mainly  upon  its  gases, 
and  water  free  from  gas  tastes  flat,  I 

The  smell  of  a  water,  if  it  has  any,  may  l>e  brought  out 
by  heating  gently  to  about  110°  F.,  or  by  boiling  it.  This 
may  make  evident  a  fecal  odor,  although  hydrogen  sul- 
phide may  mask  this  latter;  in  sueh  a  case  the  sulphide 
may  be  removed  by  adding  a  little  cupric  sulphate  to  the 
water.  The  odor  may  also  be  developed  by  allowing  the 
water  to  stand  in  a  stoppered  bottle  in  a  warm  plaoe  for 
a  few  days, 

A  bacteriological  analysis  is  almost  as  necessary  as 
a  chemical  one,  for  purity  in  the  one  respect  does  not 

'  Sn'  .1.  C,  MacDouald'a  Guide  to  Micnncopic  ExatainntioD  of  Drink- 


ueccssarily  indicate  purity  in  the  other.     The  prcsenoe  a 
Bacterium  coli  covimunU  in  a  water,  irrespective  of  a 
putliogonic  orguuianifi,  woul<l  create  more  than  a  BuspioioJ 
of  coDtaminatiou  by  fecal  matter,  as  this  microbe  is  pn 
tically  a  eoustaut  occupant  of  the  bumau  intestinal  t 


But  water  may  be  capable  of  carrying  typhoid  or  oth 
infection  and  yet  be  free  fntm  wtlon  bacilli,  since  i 
disease  gemiB  may  have  Wn  introduced  into  tlie  ws4 
from  urine  ratlier  than  feces. 

Water  may  be  collected  for  bacteriological  analyel 
sterilised,  cloiwd    bulbs  blown   from  glass  tubing.     Ttj 


COLLECTION  OF  WATEB  FOB  ANALYSIS. 


heat  uaed  in  s<>altng  the  ends  creates  a  partial  vacuum 
within  the  biilb,  so  that  If  the  tip  of  one  end  be  broken 
off  beiieatli  the  surface  of  the  water,  the  latter  is  drawa 
into  the  bnlb,  which  can  then  \te  resealcd  and  conveyed 
to  the  laboratory.  But  as  some  of  the  bacteria  may  mul- 
tiply rapidly  in  transportation  and  as  some  species  may 
even  destroy  others,  it  is  alwaj^  best,  if  possible,  to  inocu- 
late the  tubes  of  sterilized  culture-media  at  the  place 
where  tlie  supply  for  examination  is  obtained.  Or  one 
may  add  a  small  quantity  of  the  water  to  melted  nutrient 
gelatin  at  the  lime  when  the  samples  are  taken  and  make 
plate  cultures  in  the  manner  already  described.  The 
number  of  colonies  resulting  therefrom  will  indicate  prac- 
tically the  number  of  bacteria  in  the  volume  of  water 
added  to  the  gelatin. 

The  details  of  some  simple  but  fairly  accurate  tests  and 
methods  employed  in  tbe  chemical  analysis  of  drinking- 
water  will  be  given  in  another  chapter.  Here  we  need 
only  consider  the  influence  that  tbe  substances  sought  for 
the  analysis  have  in  affecting  iMtability,  and  within 
what  limits  we  may  cmsider  them  as  being  permis- 
sible in  drinking-water.  The  water  should  be  filtered 
or  free  from  sediment  for  all  the  tests,  except  in  the 
estimation  of  nitrt^en  as  ammonia  compounds  and  as 
organic  matter,  and  of  the  oxygen-consuming  power  of 
the  water, 

Tbe  amount  of  total  solids  will  vary  with  tbe  source  of 
the  water,  and  much  more  may  be  present  in  some  cases 
without  risk  of  harm  than  would  be  safe  in  others;  but 
usually  the  proportion  sbonld  not  exceed  50  or  60  parts 
in  100,000,  Only  a  small  portion  should  be  volatile,  and 
there  should  be  little  charring  on  ignition,  except  in  the 
case  of  waters  from  peaty  soils;  nor  should  there  be  any 
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odor  «ii  ignition,  especially  of  iiminoitia  compounds,  as 
that  would  indiuate  an  excess  of  animal  ot^nic  matter. 
Deep  well-water  will  probably  have  much  more  total 
solida  than  niiu-water  or  clear  river-water,  the  excess 
being  mainly  mineral  substances  dissolved  from  the  strata 
through  which  the  water  passes. 

Evt-n  the  purest  waters  contain  a  little  chlorine,  usually 
in  the  form  of  sodium  chloride;  hut,  as  the  latter  is  a 
constant  constituent  of  household  slops  and  sewage  in 
general,  any  excess  of  chlorine  alwve  the  amount  common 
to  the  water  of  the  di.stnct,  unless  otherwise  accounted  for, 
will  l)e  decidwlly  suspicious,  and  sewage  contamination 
should  be  looked  for.  So,  also,  any  sudden  increase  in 
the  proportion  of  chloriue  would  very  likely  indicate  the 
accession  of  some  new  source  of  contamination  Ut  the 
water.  Unless  accounted  for  by  the  strata  traversed  or 
by  the  locality,  more  than  3  jwrts  of  chlorine  in  100,000 
of  water  is  very  suspicious. 

The  presence  of  considerable  "free  ammonia"  in  rain- 
water is  not  a  bad  sign,  as  it  has  probably  been  absorbed 
from  the  air;  but  the  same  amount  in  snbfwil-water,  espe- 
cially if  with  an  exce.'M  of  chlorine,  would  indicate  prob- 
able   contamination   with    urine,   a.s   the   latter    rapidly 
undergoes  ammoniacal  putrefaction.     In  such  a  cose  there 
will  probably  also  be  considerable  "  albuminoid  ammonia," 
bat  much  albuminoid  ammonia  with  little  free  ammonia 
I  and  chlorine  generally  indicates  vegetable  contamination. 
r  The  writer  is  acquainted  with  a  case  in  which,  although 
I  the  water  is  pure  and   from  an   unpollutcil  source,  the 
'   albuminoid  ammonia  and  chlorine  are  in  marked  excess, 
the  former  being  altogether  of  vegetable  origin — from  a 
peaty  soil — and  the  latter  characteristic  of  the  whole  dis- 
trict, which  is  near  the  sea-coost.     The  free  ammimia  is, 
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however,  slight  in  amoiiDt.  An  excess  of  free  ammonia, 
chliirine,  nitrates,  and  nitritea  indicates  animal  oontamina- 
tioii,  though,  if  the  pollution  be  by  effluvia  alone,  there 
may  be  no  excess  of  ehlorine.'  The  total  ammonia  in 
a  usable  water  should  not  be  over  0.13  or  0.16  part  per 
1,000,000.  If  there  is  almost  no  "free"  ammonia,  the 
"albuminoid"  may  amount  to  0.10  part  per  1,000,000 
without  giving  cause  for  suspicion ;  likewise,  if  there  is 
hut  little  "  albuminoid,"  there  may  be  considerable  "  free  " 
ammonia ;  but  if  the  "  albuminoid "  exceeds  0.05  part 
per  1,000,000,  the  "free"  must  not  be  greater  than  this 
proportion.  The  simplest  test  for  ammonia  is  by  means 
of  Nessler's  reagent — a  solution  of  a  double  iodide  of 
potassium  and  mcrcurj'.  It  gives  a  yellow  or  yellowish- 
brown  coloration  when  ammonia  is  present. 

Organic  matters  of  animal  origin,  and  therefore  nitro- 
genous, are  during  oxidation  partially  ^inverted  into 
ammonium  compounds,  and  these,  by  the  action  of  cer- 
tain bacteria,  may  be  farther  oxidized  into  nitrites  and 
nitrates.  "Nitrification  takes  place  under  the  influence 
of  microbes,  the  habitat  of  which  does  not  extend  more 
than  a  few  yards  below  the  snrfacc  of  the  soil.  The 
nitrifying  action  is  probably  exerted  only  upon  the  am- 
monium which  is  formed  from  the  or^nic  matter.  The 
presence  of  some  substance  capable  of  neutralizing  acids 
is  necessary  to  continuous  action.  Calcium  and  magne- 
sium carbonates  fulfil  tliis  function.  Nitrates  are  the 
final  result  of  this  action ;  nitrites  are  present  at  any 
given  time  only  in  small  quantity." '  Deep  water  may, 
of  course,  also  contain  nitrates  taken  up  from  stralA  rich 
in  these  ea\ts. 
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Although  nitrites  and  nitrates  are  not  harmful  in  the 
quantities  usually  found  in  water^  and  though  the  water 
oontaining  them  may  have  been  thoroughly  purified  by 
natural  filtration  through  the  soil^  their  presence,  as  will 
be  seen  from  the  above  remarks,  is  important  in  deter- 
mining the  character  of  the  water.  The  presence  of  the 
slightest  trace  of  nitrites  is  always  suspicious,  and  any 
marked  amount  of  nitrates,  excepting  possibly  in  a  deep 
water,  should  require  dose  investigation ;  the  nitrates  and 
nitrites  together  measured  in  terms  of  nitrogen  should  not 
exceed  1  part  per  1,000,000. 

The  hardness  should  not  be  greater  than  that  indicated 
by  20  or  30  parts  of  chalk  in  100,000,  and  the  more 
"  temporary  "  in  proportion  to  the  "  permanent "  hardness 
the  better. 

.  Phosphates,  not  from  phosphatic  strata,  help  to  indicate 
sewage  contamination.  So,  also,  do  sulphates,  though 
these  by  themselves  may  come  from  unimj)ortant  sources. 

It  will  l>e  seen  from  the  above  statements  that  the 
opinion  regarding  any  water  must  be  based  on  a  broad 
consideration  of  all  the  circumstances  in  relation  to  it, 
and  not  fn)m  the  presence  or  absence  in  it  of  any  one 
or  two  substances  which  are  not  in  themselves  harmful. 
The  presence  of  poisonous  metals  above  the  limits  of 
safety,  however,  would  alone  contraindicate  the  use  of  a 
water.  For  instance,  there  should  not  be  more  than  0.04 
grain  of  lead  or  copper,  0.25  grain  of  zinc,  or  0.5  grain 
of  iron  to  the  gallon  in  any  water,  and  the  faintest  trace 
of  arsenic  condemns  it. 
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The  following  tabic  has  l)een  adapted  from  Parkes: 

CI.AS8IPICATION   AND   pRtiPERTira  OF    VaBJOUS   WaTEB& 
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The  use  of  food  is  necessary  to  build  up  the  bod^ 
structure,  to  repair  waste,  and  to  furnish  fore 
energy  for  the  proper  action  of  all  the  organs,  tissues, 
and  parts  of  the  body.  In  addition,  certain  substances 
are  needed,  not  so  much  because  they  become  a  j»art  of 
the  tissue  framework  or  yield  kinetic  energy  directly,  as 
that  they  are  essential  factors  in  the  multitudinous  chemi- 
cal reactions  and  changes  that  are  continually  occurring 
within  the  living  person.  We  may,  accordingly,  define 
a  food  as  anything  that  tends  to  fulfil  any  one  of  these 
functions,  provided  it  is  not  at  the  same  time  by  nature 
harmful  to  the  economy,  and  that  it  does  not  protluce 
physiological  elfects  out  of  proportion  to  its  nutritive  or 
metab«>lic  activities. 

Strictly  speaking,  this  definition  might  include  air  and 
water,  as  the  former  is  necessary  to  supply  oxygen  for 
union  with  other  foods  or  with  the  tissues  themselves, 
and  the  latter  is  needed  to  assist  in  the  solution  and 
assimilation  of  food-stnfFs,  to  maintain  the  fluidity  of  the 
body-juices  and  to  moisten  the  tissues  cfFectively,  to  pre- 
serve roundness  of  form,  and  to  flush  out  and  remove 
from  the  system  those  waste  matters  and  excrementitious 
sabstances  wliose  retention  gives  rise  to  the  symptoms  of 
certain  autogenetic  diseases.  But  they  are  not  usually 
included  in  the  category  of  foods,  and,  having  already 
been  considered,  they  may  be  passed  over  in  this  conneo- 
tion  with  but  incidental  reference  here  and  there. 
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If  we  classify  foods  according  to  their  chemical  compo- 
sition, we  may  separate  them  into  the  following  main 
divisions :  1.  Proteids  and  albuminoids ;  2,  Carbohy- 
drates ;  3.  Hydrocarlxma  or  fats ;  and  4.  Salts,  extrac- 
tives, etc.  Each  group  is  subject  to  different  digestive 
and  metabolic  processes,  and  each  has  usually  a  different 
office  within  the  body ;  for  experience  and  careful  experi- 
ments both  show  that  all  of  these  different  food-principles 
are  needed  to  sustain  life  and  maintain  health  for  any  con- 
siderable leugth  of  time,  and  that,  having  them,  nothing 
else  except  air  and  water  is  absolutely  necessary ;  although 
what  are  sometimes  called  the  accessory  food-stnffs  and 
many  pleasant  volatile  odoi-s  and  flavors  are  desirable 
and  advisal)le  adjuncts  to  the  food  jiropcr,  since  they 
greatly  fitvor  its  reception,  ihgestion,  and  assimilation. 
But,  thongh  each  class  of  food  has  its  own  special  function 
in  the  economy  of  nutrition,  in  times  of  need  or  depriva- 
tion any  one  of  the  first  three  divisions  may,  in  a  way,  ■ 
supply  the  place  of  either  of  the  other  two. 

Fothcrgill'  epitomizes  the  use  of  the  food-principlea 
in  this  way  :  "  The  carbohydrates  are  the  body -fuel,  the 
surplusage  being  stored  as  fat;  the  albuminoids  (jiroteids) 
serve  to  repair  the  tissues  as  they  wear  out;  the  salts 
form  the  blood-salts ;  the  fat  helps  to  build  up  normal 
health  tissues,  the  excess  being  burnt  as  body-fuel.  That 
ia  the  real  object  of  food." 

While  in  the  main  correct,  this  is  a  broad  statement 
of  facts,  and  it  needs  qualification.  For  instance,  just 
as  there  is  some  wear  and  tear  in  any  mechanical  ma- 
chine while  in  use,  which  must  eventually  be  provided 
for;  80  in  the  human  body  with  its  manifold  activities 
there  must  be  some  destructive  effect  upon  the  body- 
■  HftDDal  of  Dietetics,  p.  5. 
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structure  and  tissue  framew(irlc,  and  it  is  to  renew  and  re- 
place this  inevitable  loss  of  niiitL-rial  that  a  part — perliajis 
tiie  lai^r  or  greater  p^irt — of  the  proteid  foo<I  is  taken. 
But  we  also  know  that  in  addition  to  this  simple  re- 
[jair  and  replacement  of  tissue,  "  the  presence  of  niirogen- 
ized  structure,  and  ita  participation  iu  the  action  going  on 
there,  is  a  necessary  condition  for  the  manifestation  of 
any  vital  energy  or  any  chemical  change,"  and  we  have 
reason  to  believe  that,  entirely  apart  from  the  idea  of 
repair,  proteid  ffxid  is  essential  to  the  deveh>pment  and 
maintenance  of  this  chemical  and  vital  activity  of  nitro- 
gen iiiei]  tissue. 

ConHrniing  tins,  Pettenkofer  and  Voigt  have  shown 
that  the  absorption  of  oxygen  is  largely  determined  by 
the  nitrogenous  substances  composing  the  tissues  of  the 
Ixxly,  and  that  it  is  proportional  to  their  size  and  vigor. 
Moreover,  it  is  known  that  proteids  may  be,  in  part, 
converted  into  fat  and  possibly  into  other  oxidixable  sub- 
stances, and  thus  become  a  source  of  body-heat  and 
energy. 

So,  also,  with  the  fats  and  carbohydrates.  While  they 
are  not  immediately  nor  entirely  interconvertible,  and 
while  neither  class  may  be  permanently  excluded  from 
the  diet,  yet  in  emei^ncy  either  may  apparently  fully 
supplant  and  substitute  the  other  for  a  time,  and  we  can- 
not yet  say  exactly  how  similar  or  dissimilar  their  service 
within  the  body  is. 

However,  while  Fothergill's  epitome  needs  this  emen- 
dation, known  facts  make  it  comparatively  ea.sy  to  gain 
s  &ir  idea  of  the  differences  and  functions  of  the  proxi- 
mate food-principles,  to  which  end  some  help  will  proba- 
bly be  given  by  the  following  table :' 

■  NotUsr  Bud  Firth.  Treatise  on  Hrgime,  p.  267. 
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Dietetics  means  "  a  systematic  regulation  of  the  diet 
for  liygicnic  or  therapeutic  purposes."  It  considers  all 
the  factors  that  aHect  tlie  prosier  digestion  and  assimilation 
of  food.  Fur  instance,  it  is  not  alone  necessary  to  deter- 
mine juat  what  substaoees,  in  a  chemical  sense,  the  lK)dy 
needs  to  sustain  life  and  maictain  heidtli.  Nor  is  it  suffi- 
cient to  say  that  a  man  must  have  just  so  much  of  this 
and  BO  much  of  that  food,  for  there  must  always  be  a 
variation  in  Iwth  kind  and  quantity  to  meet  the  changing 
demands  of  the  system.  With  a  few  exceptions,  no  matter 
how  tixithsome  or  healthful  a  certain  food  may  be,  it  soon 
palls  upon  the  appetite  if  necessity  compels  its  continued 
use  for  a  prolonget!  period,  and  this  disgust  may  Iw  so 
impressed  upon  tlie  memory  of  the  senses  as  to  cause 
them  to  object  to  the  use  of  that  food  forever  after. 

The  icsthetic  factors  in  the  preparation  and  serving  of 
food  must  also  l>e  taken  into  account,  and  the  success 
in  pleasing  the  taste  and  appetite  has  much  to  do  with  the 
progress  and  completeness  of  digestion.  Olher  things 
being  equal,  palatable  and  agreeable  foods  are  disposed  of 
much  more  satisfactorily  than  others  not  so,  and  physi- 
cians and  others  should  learn  tJiat  especially  in  sickness 
the  ap|jcarance  and  palatability  of  a  food  have  much  to 
do  with  its  acceptance,  not  only  by  the  patient,  but  by 
his  stomach  as  well.  Cleanliness  and  neatness  of  foo<l, 
china,  and  naper)-  are  of  greater  value  than  expense  or 
bHow,  and  a  little  attention  and  tact  in  such  matters  will 
often  enable  a  patient  to  take,  enjoy,  and  retain  food  and 
receive  nourishment,  even  when  he  or  she  asserts  and 
believes  this  to  be  impossible. 

Another  factor  of  much  importance  in  the  digestion  of 
food,  but  one  too  often  too  lightly  amsidered,  is  the  mood 
or  state  of  mind  when  the  food  is  taken  and  while  it 
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remains  in  the  alimentary  canal.  There  is  more  than 
moral  philosophy  in  maintaining  a  cheerful  and  a  tran- 
quil disposition  during  the  daily  nieaU  and  for  a  time 
thereafter;  while  there  are  nnmcroua  inotance^  of  most 
serious  results  occurring  from  the  giving  way  to  anger  or 
other  intense  emotion  at  such  times,  the  digestive  func- 
tions being  either  completely  checked,  or,  what  is  fre- 
quently worse,  so  altered  that  their  products  are  toxic  in 
character.  And  is  not  a  dysiieptic  often  so  because  of 
his  pessimism,  rather  than  a  misanthrope  because  of  his 
indigestion '? 

Before  proceeding  further  it  will  be  well  to  consider 
briefly  the  physiology  of  digestion  in  so  far  as  it  concema 
the  chemical  changes  occurring  in  the  food  while  it  is  in 
the  digestive  tract.  These  clianges  are  brought  about  by 
the  action  of  certain  bodies  secreted  or  elabonit«I  by  tlie 
digestive  organs  and  glands,  which  we  have  been  in  the 
habit  of  calling  unurgiiuized  ferments,  but  which  would, 
perhaps,  better  be  known  hereafter  as  fuzymea.  Unorgan- 
ized ferments  are  so  called  because  they  have  not  the  defi- 
nite cell-formation,  life,  and  power  of  reproduction  which 
belong  to  the  yeasts,  mould-fungi,  and  bacteria  which  bring 
about  the  fermentative  changes  in  organic  substances  so 
commonly  within  the  knowledge  of  everyone,  such  as  the 
conversion  of  saccharine  solutions  into  alcohol,  of  alcohol 
into  acetic  acid,  etc. 

But  though  unorganized,  the  enzymes  likewise  act  upon 
organic  matter;  for  example,  upon  the  food  which  we  eat, 
and — like  the  other  ferments — they  apparently  do  this 
simply  by  their  presence  rather  than  by  entering  into 
actual  combination  with  the  matter  acted  upon,  as  do  ordi- 
narj'  chemical  reagents.  They  are  undoubtedly  the  prod- 
ucts of  glandular  protoplasm,  probably  proteid  iu  nature. 


and  some,  at  least,  very  likely  belonging  to  the  group  of 
nucleo-albumins,  which  latter  form  a  component  part  of 
every  oTgaoic  cell. 

The  comprehension  of  the  digestive  functions  will  be 
greatly  simplified  if  the  student  remembers  that  "  with  the 
possible  exception  of  the  coagulating  enzymes,  the  action 
of  the  enzymes  is  that  of  hydratiug  agentji :  they  produce 
their  effect  by  what  is  known  as  hydrolyeia — that  is,  they 
cause  the  molecules  of  the  substance  upon  which  they  act 
to  take  up  one  or  more  molecules  of  water;  tlie  resulting 
molecule  then  splits  or  is  dissociated,  with  the  furmattoD 
of  two  or  more  simpler  bodies." ' 

Tlius  the  insoluble  proteids  and  carbohydrates  become 
respectively  the  soluble  peptones  and  sugars  of  their  allies, 
capable  of  being  absorbed  into  the  myriad  capillaries  that 
are  distributed  throughout  tlic  lining  membrane  of  the  ali- 
mentary tract ;  and  even  the  change  that  takes  place  in  fat 
when  digested  is  one  tliat  involves  the  taking  up  of  some 
water. 

There  are  four  characteristics  of  the  enzymes  worthy  of 
note :  1.  That  they  are  all  soluble  in  water  and  glycerin, 
the  latter  being  specially  usefid  in  making  stable  ])re]mra- 
tions  of  them  from  the  organs  producing  them,  2.  "  That 
very  low  temperatures  (0°  C.)  retard  or  suspend  entirely 
their  action,  without,  however,  destroying  the  enzyme; 
that  for  each  enzyme  there  is  a  temperature  at  which  its 

ion  is  greater,"  and  that  "in  a  moist  condition  they 
all  destroyed  by  temperatures  below  the  boiling-point ; 

'  to  80°  Care  the  limits  actually  observed."*   3.  "That 

never  completely  destroy  the  substance  npon  which 

1^  act,"  probably  being  retarded  by  their  products  when 

latter  reach  o  certain  peTcentage.     "  When  these  are 

Text-book  of  Physiology,  fint  edition,  p.  2V».        ■  Ibid. 
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removed,  tbe  action  of  tlie  enzymes  begins  again."  4. 
"  Except  for  very  small  quantities,  it  may  be  said  that 
the  amount  of  change  caused  is  independent  uf  the  amount 
of  enzyme  present ;"  or,  rather,  "  with  -increasing  amounts 
of  enzymes  the  extent  of  action  also  increases,  reaching  a 
maximum  with  a  certain  percentage  of  enzyme ;  increase 
of  enzyme  beyond  this  has  no  effect."  The  amount  of 
work  capable  of  being  done  by  a  small  proportion  of  an 
enzyme  is  enormous,  good  pcptdn,  for  instance,  having  the 
power  of  converting  2500  times  its  own  weight  of  prot«id ; 
but  we  must  remember  that  this  power  is  not  infinite,  and 
that  after  a  time  the  enzymes  will  cease  to  act. 

There  are  five  groups  or  classes  of  enzymes  concerned 
with  the  proper  digestion  of  food  to  be  found  in  the  ani- 
mal body,  and  it  is  interesting  to  note  that  examples  of 
each  of  these  classes  are  also  to  be  found  in  various  mem- 
bers of  the  vegetable  world.  The  two  principal  remaining 
classes,  being  neither  of  animal  origin  nor  digestive  agents, 
need  only  be  mentioned  here :  they  are  the  gluconidespHb- 
ting  and  urea-xjAiUing  enzymes,  the  latter  being  produced 
by  certain  bacteria  and  converting  urea  into  ammonium 
carbonate. 

Considering  tbe  digestive  processes  in  their  order  as  the 
food  proceeds  from  the  mouth  through  the  alimentary 
canal,  we  find  that  the  first  active  secretion  or  fluid  is  the 
saliva,  and  that  its  enzyme  is  ptyalin,  belonging  to  that 
group  which  converts  the  insoluble  carbohydrates  (starches) 
into  soluble  sugars,  maltose,  etc.  Ptyalin  acts  best  in 
neutral  or  slightly  alkaline  media,  at  about  the  iKtdy-tem- 
perature  (40°  C),  and  upon  cooked  much  better  than  u[ion 
taw  starch.'     Its  action  is  retarded  or  totally  checked  by 

>  Eabel  claims  to  hnve  fuund  tbat  an  alkaline  reaction,  eren  when 
TBr7  iruok,  actually  inlurferes  nitli  ptyalin  digestion,  bat  that  it  Is 
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a  low  temi>erature  or  by  stnmgly  alkaline  or  moderately 
acid  solutions,  and  the  enzyme  itaelf  is  probably  destroyed 
by  an  increase  in  acidity  equal  to  that  of  the  gastric  juice, 
or  by  a  temperature  of  65°  or  70°  C.  The  reason  it  con- 
verts cooked  starch  so  much  more  quickly  is  probably  be- 
cause the  heating  i)roce8S  breaks  up  the  cellulose  envelopes 
u|>()n  which  the  ptyalin  has  almost  no  effect  and  which 
protect  the  starch  granules  within  from  its  action.  The 
heat  also  causes  a  very  close  union  between  the  molecides 
of  starch  and  water,  this  facilitating  tiie  later  hydrolysis 
by  the  enzyme. 

In  addition  to  its  digestive  function,  the  saliva  also 
serves  to  moisten  dry  food  so  that  it  may  be  swallowed, 
and  to  dissolve  sapid  and  savory  substances  that  they  may 
be  duly  appreciatwl  by  the  organs  of  taste. 

Our  first  hygienic  lesson  in  regard  to  the  digestive 
functions  is,  therefore,  that  in  order  to  get  the  full  benefit 
of  the  siilivary  secretions,  all  fcwxl,  and  esi)ecially  that  of 
a  starchy  nature,  should  be  well  masticated  and  retained 
in  the  mouth  for  some  little  time,  instead  of  its  being 
"l)olted"  at  once  or  after  a  hastv  bite  or  two.  Nor 
should  very  cold  or  very  hot  beverages  be  taken  at  the 
same  time  with  the  food,  for  not  only  will  the  action  of 
the  j>tyalin  be  thus  retard(*d  or  destroyed,  but  that  also, 
as  we  shall  sw,  of  tlic  gastric  juice  within  the  stomach. 
A  note  hero  as  to  the  drinking  of  water  at  meal-time  will 
not  hi)  out  of  place.  A  moderate  quantity  of  proper  tem- 
perature will  pn^bahly  be  beneficial  nither  than  otherwise, 

favored  by  a  weak  acid  reaction,  especially  if  the  acid  be  one  of  the 
stronger  ones,  like  HCl.  IIo  admits  that  an  amount  of  hydrochloric 
a<.Md  equivalent  to  that  of  the  gastric  juice  checks  the  activity  of  the 
ptyalin,  but  believes  that  at  the  bcKinning  of  a  meal  and  for  a  time 
thereafter  salivary  di^esti<»n  takes  places  bettiT  in  the  Bt4>niach  than  in 
tho  mouth.    Boston  Medical  and  Surgical  Journal,  April,  1899. 
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siuce  it  lielptt  in  the  solutiou  of  the  food ;  but  an  exce»- 
»i\'e  qiiautity  tends  to  harm  by  diluting  the  enzymes 
too  much,  thus  interferiug  with  their  reactions,  and  by 
interfering  with  the  absorption  uf  the  digeated  matters. 

The  food,  liaving  passed  from  the  mouth  to  the  stom- 
ach, may  still  be  aoted  upon  for  a  time  by  the  ptyalin 
until  the  work  of  the  latter  is  checked  by  the  acid  of  the 
gastric  juice.'  The  energy  of  digestive  action  is  then 
transferred  from  tlie  starches  to  the  protcid  constituents 
of  the  food,  the  chief  enzyme  now  being  pvpeiit,  though 
we  also  find  in  the  gastric  juice  a  coagulating  ferment — 
rennin — which  acts  upuu  soluble  proteids,  like  the  casein 
of  milk,  to  form  clots  or  cunls. 

Pepsin  acts  only  in  an  acid  medium  (the  acidity  being 
supplied  normally  by  the  free  hydrochloric  acid  of  the 
gastric  juice),  and  best  at  the  body-temperature.  As 
stated,  extremes  of  temperature  are  adverse  to  its  activity 
and  may  check  it  altogether,  and,  likewise,  too  much  or 
too  little  acid  may  have  the  same  effect,  from  0.2  to  0.3 
[ler  cent,  of  HCI  being  the  normal  amount  and  giving  the 
best  results.  Rennin  seems  in  the  normal  stomach  to  act 
only  on  the  casein  of  milk,  and  curdles  this  probably  be- 
cause it  is  then  more  easily  digested  by  the  pepsin  and, 
later,  by  the  trypsin  of  the  pancreatic  juice. 

The  action  of  the  pepsin  plus  the  acid  upon  the  proteida 
of  the  food  19  a  hydmlytic  one,  and  the  end-products  are 
practically  hydrated  pmteids,  called  albumoses  and  pep- 
tones— substances  especially  diffusible  and  capable  of 
absorption.     The   gastric   digestion,  therefore,   after  the 

*  Beoent  experimenta  Beem  to  show  thst  "  ptyalin  digestion  noTmall^ 
cnntlnuM  daring  the  first  bonr  of  gastric  difccstian,  or,  iu  fact,  antil  the 
hj-drochloric  iicid  eecretion  rcflchefl  tbo  normal  niaiininm."  A.  L. 
Benedict.  Journal  of  the  Amoricou  Medical  Assuciation,  Jnl;  S8,  1900. 
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action  of  the  ptyalin  has  been  checked  by  the  add  gastric 
juice^  practically  has  to  do  only  with  the  albuminous  or 
nitrogenous  part  of  the  food,  the  remainder,  or  at  least 
that  part  of  it  not  yet  capable  of  absorption,  remaining 
unchanged  until  it  passes  furtlier  on  into  the  intestines. 
Soluble  salts,  sugars,  and  part,  at  least,  of  the  peptones  as 
they  are  formeil,  may,  however,  be  taken  up  by  the  stom- 
ach capillaries,  while  the  rest  of  the  food-mass,  kept  ever 

in  motion  bv  the  muscular  movements  of  the  stomach- 

ft 

walls,  is  Ixniig  thoroughly  mixed  and  converted  by  the 
{H'ptic  action  into  the  i^emi-liquid  substance  called  chyme, 
which  is  {)as.sed  at  intervals  and  in  small  quantities  through 
the  pyloric  ojx^ning  into  the  ducKlenum.  I^ng  before  the 
stomach  has  entirely  emptied  itself — which  may  only  be 
after  several  hours  of  activity — intestinal  digestion  is  well 
under  way,  and  in  some  respects  this  is  the  most  imj>ortant 
as  well  as  the  most  comprehensive  process  of  all.  The 
three  secretions  to  whose  coml)ined  action  the  chyme  is 
now  suhjrct  are  the  pancreatic  juice,  the  bile,  and  the 
intestinal  juice.  All  are  alkaline  and  quickly  neutralize 
tJK'  <^astric  acid  :  it  scared v  need  Ix;  noteil,  then,  that  the 
reniaininjr  enzymes  act  best  or  only  in  alkaline  me<lia, 
thoujrh  one  of  them,  trypsin,  may  act  in  solutions  not  too 
strongly  acid. 

In  the  pancreatic  juice  we  lin<l  three  enzymes,  practi- 
cal) v  the  only  remaining  ones  of  much  inn>ortance ;  al- 
th(»iigh  in  the  nither  scanty  intestinal  juice  two  others 
have  been  found,  one  capable  of  converting  starch  into 
sugar,  and  the  other  of  inverting  cane-sugar  into  levulose 
and  dextrose.  The  bile  contains  no  enzymes.  The  ]>an- 
creatic  ferments  are  trj/pshi,  which  acts  u]>on  proteids 
and  albuminoids  even  more  powerfully  than  ])opsin,  and 
likewise   converts   them    into   albumoses   aiul    jK'ptones; 
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nmylopgin,  wliich  ia  practically  identical  witb  ptyaJiu  in  its 
function ;  and  tUapein,  which  causes  neutral  fats  to  take 
up  water  and  split  into  free  fatty  acida  and  glycerin. 

Under  the  action  of  the  trypsin  all  that  portion  of  the 
proteid  food  which  has  not  been  completely  digested  in 
the  stomach  reaches  that  stage  in  the  small  intestine  and 
is  absorbed  therefrom.  In  fact,  it  ia  very  probable  that 
the  tryptic  digestion  is  often  the  more  important  of  the 
two.  As  the  action  of  the  saliva  ujwn  the  carlxihyd rates, 
which  fonn  the  greater  bulk  of  our  food,  must  of  neces- 
sity be  very  limited,  it  ia  evident  that  almost  all  of  the 
starch  digestion  is  performed  by  the  amylopsin,  aided 
in  slight  measure  by  the  similar  enzyme  of  the  intestinal 
juice.  The  salts  an<l  other  soluble  elements  of  the  food 
have  already  been  absorbed,  and  there  remain  only  the 
fata  or  hydn^carbons. 

Under  the  influence  of  the  st^psin  a  comparatively 
small  portion  of  the  fat  in  the  food  ia  separated  into 
glycerin  and  free  fatty  acids,  and  this  action  for  some 
reason  takes  place  much  more  rapidly  when  aided  by  the 
bile  than  with  the  pancreatic  juice  alone.  Then  these 
&tty  acitb  unite  with  the  alkalies  and  alkaline  salts  of 
the  above  secretions,  but  especially  of  the  bile  and  intes- 
tinal juice,  to  form  soapn,  and  these  soaps  aid  in  emulsi- 
fying the  remainder  of  the  fats  and  in  thus  making  them 
ready  for  absorption,  which  latter  process  is  also  facili- 
tated by  the  direct  action  of  the  bile  upon  the  intestinal 
epithelium. 

The  student  must  not  get  the  idea  that  the  absorption 
of  digested  food  from  the  alimentaty  canal  is  merely  a 
physical  process  and  a  matter  of  osmosis  or  diflusion. 
Accumulating  experience  indicates  that  it  is  in  a  meas- 
ure, if  not  largely,  vital  and  physiological,  and  that  "  the 
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living  cells  of  the  iutestinal  vrall  appear  to  take  an  active 
fibarc  in  the  process,  and  modify  tlie  action  of  Uie  physical 
factors  in  a  manner  not  at  preseut  understood,"  This  is 
probably  especially  true  as  r^ards  the  absorption  of  tiie 
fatSj  whether  we  lake  the  cwmmonly  accepted  view  that  I 
most  of  the  fat  is  emulsified  and  only  a  small  {portion  split 
up  and  saponified  in  the  intestine,  or  the  one  which  some 
have  advocated  of  late  years,  viz.,  that  almost,  if  not  all, 
of  the  fat  is  decomposed  and  dissociated,  and  compare^  ' 
tively  little,  if  any,  emulsified. 

The  digestive  processes  having  tliue  been  outlined,  it  . 
will  be  well  to  learn   how  they  may  be  maintained  as 
complete  and  perfect  as  possible.     In  the  first  place,  the   { 
cooking  of  food  ia  usually  an  essential  preliminary.     We 
cook  meats  not  only  to  make  them  more   agreeable  to 
the  palate,  but  also  to  facilitate  digestion.     The  effect  of 
conking  npon  muscle  (flesh)  is  "  to  loosen  the  bundles  of 
fihrtllie  from  each  other,  so   that  they  are  readily  torn 
asunder  or  crushed  by  the  teeth,"  while  the  various  con- 
nective tissues  are  sol^ned  and  gelatinized,  not  only  thug 
becoming  more  digestible  and  nutritious,  but  also  allowing 
the  histologic  elements  which  they  bind  together  to  eepa.-   . 
rate  and  be  more  freely  acted  upon  by  the  solvent  fluids.  ' 
Sk)  with  the  vegetables,  the  heat  and  ateara  soflen  and  I 
rupture  the  cellulose  envelopeJ3  of  the  various  cells  that  the  I 
ferments  may  the  more  readily  act  ujion  their  contenfa ;  i 
and  at  the  same  time  they  bring  atxiut  subtle  chemical  | 
changes   that  greatly   uicrease  the  palattibility  of  food-  J 
stuffs. 

Thorough  mastication  of  the  food  is  important  Sar  ti 
reasons  already  statetl,  and  the  cause  of  most  dysp^waofl 
may  be  found  in  faulty  habits  of  eating.  Foster  stiy>-l 
^at  in   the  stomach  "  the  natural  bundles  of  meat  a 
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vegetables  fall  asunder,  the  muscular  fibres  split  up  into 
disks,  and  the  protoplasm  is  dissolved  from  the  vegetable 
cell " ;  but,  "  if  the  meat  be  not  chewed  properly,  but 
'bolted/  the  solvent  gastric  juice  can  only  act  on  the 
exterior  of  the  mass,  while  '  lumps'  offend  the  stomach 
and  arrest  the  gastric  secretion."  The  importance  of 
abstaining  at  meal-time  from  beverages  or  other  sub- 
stances of  too  low  or  too  high  a  temperature  has  already 
been  noted,  and,  as  all  the  enzymes  act  best  at  the  body- 
temperature,  care  should  always  be  had  to  avoid  chilling 
of  the  abdominal  organs  while  digestion  is  under  way. 

Again,  as  the  formation  and  action  of  the  enzymes 
begin  with  the  ingestion  of  food  and  depend  largely  upon 
a  sufficient  blood-supply  to  the  organs  concerned  as  long 
as  digestion  continues,  it  is  essential  that  ihe  blo<Kl-current 
shall  not  be  diverted  from  these  organs  during  this  jwriod 
by  excessive  mental  or  physical  demands,  and  that  a  con- 
dition of  cheerfulness,  repose,  and  rest  should  follow 
every  meal.  Regularity  as  to  the  time  of  meals  and 
the  avoidance  of  too  great  a  tax  upon  any  of  the  organs  J 
by  over-indulgence  or  intemperance  in  eating  are  likewise  1 
both  ira]x>rtant  matters  and  ones  too  often  neglected. 

It  is  interesting  to  note  that  in  certain  members  of  the 
vegetable  kingdom  are  to  be  found  enzymes  very  similar 
to  the  normal  ones  of  animal  origin  just  considered,  and 
that  where  the  latter  appear  to  be  deficient  in  quantity  or 
action  these  kindred  ones  may  sometimes  be  used  with 
advantage.  Thus,  in  the  pineapple  and  in  the  papaw  are 
ferments  akin  to  pepsin  or  trypsin,  and  in  the  former 
another  with  the  same  action  as  rennin.  All  are  familiar 
with  the  diastase  of  germiiialing  seeds  and  it^  use  in  the 
making  of  lieer ;  biit  not  so  common  is  the  knowledge 
that  other  seeds  contain  fat-splitting  enz}-mes  much  like 
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steapsin.  But  though  these  extraneous  digestants  may  be 
valuable  and  advantageous  as  therapeutic  agents  when  ao 
actual  cessatioc  of  normal  function  makes  them  necessary, 
a  caution  should  be  interpolat«ti  here  regarding  the 
custom  or  habit  that  may  be  acquired  of  de^wndiug  too 
much  u]»on  them,  especially  by  persons,  otherwise 
healthy,  whose  digestive  functions  are  somewhat  defi- 
cient. A  better  plan  is  to  bring  those  functions  up  to  the 
normal  in  strength  and  vigor  by  the  observance  of 
hygienic  rules  and  a  well-conaidered  method  of  life. 

The  AmoTuit  of  Food  Necessary  to  Life  and 
Health. — Considerable  work  has  been  done  to  determine 
just  what  amount  of  the  proximate  food-priuciplea  the 
average  person  requires  daily,  and  in  this  respect  Mole- 
schott's  tables  are  quite  generally  accepted,  having  been 
constructed  from  data  gained  by  actual  ex]K'riment  and 
also  by  the  continued  observation  of  the  effects  of  a 
number  of  dietaries.  According  to  these  tables,  a  man 
weighing  160  jmunds  and  doing  work  equivalent  to  300 
foot-tous  per  diem  will  need  about  4.6  ounces  of  proteids, 
3  ounces  of  fats,  14.25  ounces  of  carbohydrates,  and  a 
little  more  than  1  ounce  of  salts.  Vaughan  believes  that 
the  average  working-man  in  America  requires  daily,  in 
round  numbers,  not  less  than  four  ounces  of  proteids,  two 
ounces  of  fats,  and  ei'ffhtr-en  ounces  of  carbohydrates. 

It  is  essential  that  the  pn)|)er  proportion  lietween  the 
ingested  nitrogen  and  oirbon  should  be  maiutaiuetl,  and 
this  should  be  as  one  of  the  former  to  fifteen  of  the  latter. 

In  addition,  the  individual  needs  from  70  to  100  fluid- 
ounces  of  wat«r  daily,  a  good  part  of  which,  however,  is 
normally  taken  with  the  food.  It  must  be  remembered 
that  the  above  figua's  represent  only  average  amounts, 
and  that  climate,  amount  of  exercise,  the  size  and  activity 
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of  functional  and  excretory  organs,  and  personal  peculi- 
arities all  serve  to  modify  them  in  the  case  of  any  special 
individual. 

Other  conditions  not  interfering  too  greatly,  any  com- 
bination of  foods  giving  the  above  amounts  of  the  proxi- 
mate principles  at  a  reasonable  cost  will  be  an  economical 
and  healthful  diet,  provided  such  food  is  acceptable  to  the 
palat«,  is  digestible,  and  contains  nothing  harmful  to  the 
system.' 

Fothergill  thinks  that,  as  a  rule,  we  take  too  much  pro- 
teid  food,  especially  in  the  form  of  meat,  and  that,  though 
this  goes  in  the  main  for  tissue-repair,  the  latter  requires 
much  less  of  such  food  than  we  ordinarily  suppose,  and 
that  the  system  does  not  need  so  very  much  of  albumin 
or  its  equivalents.  In  tins  he  may  be  correct  to  a  certain 
degree,  particularly  as  regards  his  fellow-Englishmen,  who 
are  notorious  meat-eaters,  and  as  to  the  facts  that  tissue- 
waste  is  comparatively  slight  and  that  the  body  frame- 
work rusts  out  rather  than  bums  out.  But  in  addition 
to  the  statements  already  made — that  part  of  onr  nitro- 
genous food  regulates  the  demand  for  oxygen,  that  i)art  is 
doubtless  a  source  of  enei^-,  and  that  still  another  part 
may  be  converted  into  fiit^ — we  should  also  remember  that 
animal  food  is  a  concentrated  food,  that  much  energy  has 
been  expended  in  converting  and  storing  it  from  the 
vegetable  world,  that  it  is  stimulating,  and  that  our  di- 
gestive organs  resemble  more  closely,  at  least  as  far  as 
comparative  weight  is  concerned,  those  of  the  caruivora 
rather  than  of  the  herbivora.     These  reasons,  as  well  as 

'  For  mch  comblnatjons,  are  VauK''Bn'*  Hcaltb^  Hamea  and  Fooita 
for  the  Working  Classes;  and  Mre.  Abel's  Practical.  SanlUry.and  Ecana- 
nilc  Cuokiug.   Both  are  essays  publisbed  by  Ibe  American  Public  Health 
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the  fact  that  pnitckis  make  up  a  considerable  part  of  the 
only  typically  «)niplete  food  that  we  have  and  which 
nature  gives  to  the  mammalian  infant,  indicate  that 
we  should  be  as  careful  not  to  use  too  little  as  too  much 
nitrogenous  food. 

The  prottid  portion  of  our  food  is  obtainod  from  ihe 
albumin  of  meat  and  fish,  from  milk  and  eggs,  and  from 
the  glutt-n  of  cereals  and  the  vegetable  casein  (albumin) 
of  the  It^uminous  plants,  such  as  peas,  l>eans,  etc.  The 
proportion  and  properties  of  the  albuminous  matter  varj-, 
of  oourst,  in  each  of  these,  and  even  in  the  same  sub- 
stances under  different  circumstances ;  but  all  should  be 
taken  into  consideration  and  used  interchangeably  if  we 
wish  to  obtain  tlie  greatest  variety  and  benefit  in  feeding, 
together  with  due  economy  of  expense. 

In  this  connection  attention  may  again  be  directed  to 
the  notable  fact  that  tlic  l^uminous  plants,  through  the 
aid  of  certain  species  of  bacteria,  are  able  to  absorfj  and 
store  up  in  the  form  of  proteids  a  considerable  quantity 
of  nitrogen  from  the  surrounding  atmosphere,  and  that 
these  plants  are,  therefore,  an  important  source  of  food- 
supply. 

The  carbohydrates  that  fumLsh  food  to  tlie  body  and 
are  one  of  the  sources  of  the  heat  and  enei^y  ujOTn  which 
muscular  motion  and  vital  activity  depend,  are  practically 
all  derived,  with  the  exception  of  milk-sugar,  from  the 
starches,  sugars,  and  gums  of  the  vegetable  kingdom. 

It  has  been  shown  tliat  much  the  greater  part  of  the 
digestion  of  carbohydrate  food  is  due  to  the  action  of 
the  pancreatic  enzyme  amylopsin ;  but  we  should  not 
foi^t  the  action  of  the  saliva,  nor  that  thorough  mastica- 
tion greatly  assists  the  subsequent  digestion  by  breaking 
up  the  starch  gninides  and  exjwsing  them  more  freely 
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the  action  of  the  digestive  juices.  The  latter  object  iB 
also  obtained  by  crushing  the  cereals  and  by  cooking  the 
starch -containing  foods,  for  "  grinding  and  cooking  lessen 
the  labor  of  the  jaws  and  salivary  (and  pancreatic) 
glands." 

After  the  end-products  (dextrose,  levulose,  etc.)  of  carbo- 
hydrate digestion  have  been  absorbed  from  tlie  alimen- 
tary canal,  part  of  them,  at  least,  are  reconverted  in  the 
liver  into  animal  starch  or  glyc-ogen,  and  this  portion  be- 
comes a  part  of  the  Ijody-etore  of  fuel.  Fothei^ili  says: 
"The  liver  stores  up  from  each  meal  so  mucJi  glycogen 
and  gives  it  off  as  required ;  otherwise  life  would  only  be 
one  dreary  meal."  Anotlier  and  perhaps  greater  moiety 
of  the  digested  carbohydrates  is  converted  into  fat  and 
stored  as  adipose  tissue  in  various  parts  of  tlie  body,  as 
a  further  reserve  of  fuel  for  any  emergency.  "  Many 
authorities  state  that  fat  is  formed  lUreclly  from  carbo- 
hydrates, and  the  weight  of  evidence  appears  to  favor  this 
view;  but  whether  it  is  mo  formetl  directly,  or  indirectly 
by  retarding  the  metabolism  of  the  fatty  and  proteid  con- 
stituents of  the  food,  there  is  no  doubt  that  the  consump- 
tion of  carbohydrates  results  in  the  formation  of  fat  within 
the  hotly.'"  Moreover,  "whatever  the  mixture  of  fata 
taken  in  as  food,  the  fat  of  the  body  always  has  the  same 
composition  ;  this  fact  agrees  with  the  conclusion  that  the 
metabolism  and  deposition  of  fat  in  the  body  are  due  to 
cell  activity,  and  that  the  fat  comes  in  part  from  the  pro- 
teid and  part  from  the  carlwhydrate  foods."' 

Another  important  function  of  the  carbohydrate  foods 
is  the  formation  by  their  metabolism  in  the  body  of  lactic 
and  other  acids,  which  are  of  the  greatest  value  in 
nutrition  and  in  maintaining  the  normal  reactions  of  the 

■  Hotter  nnd  Firth,  Trestiie  on  Hyel'iip.  ]i.  2a4.  ■  Ibid.,  p.  Si 


Ixxly-fiuiils.  This  is  perhaps  one  of  the  chief  reasons  why 
fate  and  carbohydrates  are  not  LDtercoDvertible  io  any 
prolonged  dietary. 

Fat  is  essentially  a  compound  of  glycerin  with  one  or 
more  &tty  acid^,  usually  stearic,  palmitic,  and  oleic  The 
digestibility  of  a  fat  largely  depends  upon  its  being  fluid 
at  the  body-temperature ;  therefore,  as  the  melting-point 
of  stearin  is  higher  than  this,  the  tnore  of  it  that  a  fat 
cuntmns,  the  less  digestible  and  nutritious  will  the  latter 
l>e.  For  this  reason  butter  is  more  digestible  than  siiei, 
h»rd  than  mutton-fat,  etc.,  and  the  more  assimilable  cod- 
liver  oil  is  tliat  from  which  the  stearin  has  been  removed. 

Fat  for  food  is  derived  from  vegi^table  as  well  as  ani- 
mal sources,  many  seeds  and  nuts  and  gome  cereals,  as 
oats  and  com  (maize),  containing  much  fiit.  By  improved 
methods  it  Is  liecoming  possible  to  snpply  fats  in  purer, 
cheaper,  and  more  agreeable  forma,  so  that  they  may  now 
be  freely  used  even  by  the  j»oor,  the  very  class  that  needs 
tliem  most. 

Under  normal  conditions  it  is  probable  that  the  body- 
fat  or  adipose  tissue  is  almost  never  derived  from  the 
fat  in  food,  but  rather,  as  stated,  from  the  proteids  and 
carbohydrates ;  but  fat  is  also  an  essential  part  of  tissue- 
Btnicture,  makiug  up  more  than  one-fifth  of  the  solid 
matter  of  the  brain  and  nerve  tissues  and  one-sixth  of 
muscle,  and  possibly  serving  as  fuel  when  the  cell-con- 
tents are  oxidized;  and  it  is  not  impossible  that  this  fat 
ive  tissues  may  come  in  part  from  that  ingested  as 
The  writer  has  already  hinted  at  the  possibility  of 
Ptnation  of  the  newly  absorbed  fat  with  the  argon 
atmosphere  in  the  lungs  and  the  consequent  forma- 
new  cells  or  vitid  material.  In  any  ease,  hnwpver, 
a  very  important  jtart  of  a  roan's  diet,  for  not  only 
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is  a  small  quantity  necessary  to  the  tligestion  of  proteitls, 
causing  the  furmatioQ  in  the  body  of  larger  amounts  of 
fat  than  the  quantity  ingested  and  greatly  improving  the 
physical  condition ;  but  it  may  be  and,  when  occasion 
requirt-fi,  undonbtedly  often  is  used  directly  as  fuel  with- 
out lirst  being  stored  in  the  tissues. 

As  fat  is  a  concentrated  fuel-food,  it  is  to  be  used  freely 
when  we  want  to  keep  the  body  warm  or  when  we  need 
extra  force  for  any  increased  exertion.  "  On  a  diet  rich 
in  fat  great  muscular  effort  can  be  undergone  with  but 
little  destruction  of  muscular  tissue,  and  without  increased 
urea  discharge."  The  object  of  fat  in  the  diet,  then, 
may  be  said  to  be  to  give  beat  and  eneigy  as  fuel,  and, 
when  necessary,  to  aid  in  the  repair  or  building  up  of 
active  tissue. 

The  constructive  property  of  fat  is  especially  valuable 

in  the  treatment  of  all  wasting  diseases,  especiallj  phthisis. 

Fothergill  emphatically  declares  that  "  the  great  food  for 

the  strumous  is  fat,"  and  also  says:   "Whenever  there 

is  any  tendency  to  tubercle  the  individual  siiould  learn 

to  eat  fat,  jnst  as  a  seafaring  man  learns  to  swim.     As  a 

physician  to  a  chest  hospital,  I  have  learned  to  dread  the 

announcement  that  fat  is  no  longer  taken,  especially  if  the 

individual  is  of  stnimous  build,  with  a  small,  narrow 

chest.     In  my  opinion,  the  existence  of  a  considerable 

area  of  affected  lung  where  the  digestive  powers  keep  up 

is  less  frauglit  with  evil  and  less  prognosticidly  signifieant 

than  intractable  wasting  with  very  little  disease  in  the 

^L         lung."     In  this  connection,  note  that  an  excess  of  pro- 

^B         teids  in  the  diet  causes  a  more  rapid  oxidation  of  bt,  and 

^M         that  an  excess  of  fat  or  of  carbohydrates  lessens  the  ab- 

^M         sorption  of  oxygen  and  the  oxidation  of  both  fats  and 

^M         pToteids.     Also,  that  the  free  use  of  fluids  is  thought 

L_ 
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favor  an  increase  in  the  quantity  of  fat  deposited  in  the 
body. 

Fat  is  practically  indigestible  iu  the  stomach,  and  some 
stomachs  cannot  tolerate  it,  especially  when  taken  with 
other  food ;  although  usually  a  little  fat  assists  in  the 
digestion  of  protcids  by  stimulating  the  secretion  of  the 
gastric  juice.  Cases  occur  nut  rarely  in  which  it  is  neces- 
sary tliat  comparatively  large  quantities  of  fat  should  be 
ingested  and  yet  in  which  there  is  apparently  decided  gas- 
tric intolerance  of  it.  In  such  event  success  is  often  to 
be  attained  by  giving  the  fat  some  little  time  after  the 
r^ular  meals,  when  the  gastric  digestion  is  approaching 
completion  and  the  chyme  is  being  passed  out  of  the 
stomach  to  be  further  subjected  to  the  action  of  the  intes- 
tinal digestants.  It  may  also  be  well  to  emulsify  it 
partially  or  wholly,  esjiecially  if  there  l>e  faulty  secretion 
of  bile  and  pancreatic  juice,  and  sometimes  to  disguise  its 
taste  with  agreeable  aromatics  or  flavors.  In  this  way 
there  is  generally  but  little  trouble  In  administering  fats, 
even  such  as  those  which,  like  cod-liver  oil,  have  a  dis- 
agreeable taste  and  odor.  Failing  in  this,  we  may  still 
resort  to  inunctions,  preferably  of  predigested  or  emulsi- 
fied fats,  and  often  with  considerable  advantage,  since  it 
has  been  experimentally  shown  that  after  passing  through 
the  skin  fat  may  be  taken  up  by  the  sulx'utaneous  lymph- 
atics and  later  be  oxidized  or  metabolized  almost  as  com- 
pletely as  if  it  had  entered  the  system  by  way  of  the 
intestinal  canal  and  thoracic  duct. 

Certain  salts  in  definite  proportions  are  necessary  for 

the  maintenance  of  health  in  tlie  body.     "  Lime,  chiefly 

the   form   of  phosphate,   is   absent   from   no   tissue, 

and  there  is  reason  to  think  that  no  cell-gro\\'th  can  go 

on  without   it."     Even   the   bacteria  must  have   earthy 
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phosphates  for  the  purposes  of  growth.  Clilorine,  derived 
largely  from  the  sodium  chloride  of  food,  is  necessary  to 
form  the  hydrochloric  acid  of  the  gastric  juice,  the  chlo- 
rides also  keeping  in  solution  the  globulins  uf  the  blood 
and  body-fluids  and  helpiug  to  dissolve  the  albumin. 
Phosphorus  is  necessary  iu  the  formatiuu  of  tlie  lecitliia  , 
of  nerve-tissues,  as  well  as  for  the  phosphates  above  men- 
tioned, and  those  of  potassium,  moguesiuoi,  etc.,  which  I 
go  to  form  bone.  Pobissium  salts  maintain  the  alkalinity 
of  the  solid  tissues,  and  sodium  salts  that  of  the  body- 
fluids.  Iron  is  essential  for  the  construction  and  nutri- 
tion of  the  blood -corpuscles,  though  small  quantities  of  it 
are  to  be  found  in  almost  every  other  tissue. 

But  not  only  must  the  above  inorganic  salts  be  given 
iu  proper  supply,  but  also  certain  ones  of  organic  nature, 
in  order  to  prevent  conditions  of  malnutrition  or  disease. 
Those  especially  which  are  changed  to  form  carbonates, 
as  the  lactates,  tartrates,  etc.,  or  their  respective  aciils, 
help  to  maintain  the  alkalinity  of  the  system  and  appear 
to  be  most  essential,  as  a  scorbutic  condition  seems  to  be 
inevitably  created  or  fostered  by  their  absence.  There  la 
also  some  evidence  that  certain  gouty  conditions  may  be 
due  to  the  removal  of  the  natural  vegetable  .'adts  by  im- 
proper methods  of  cooking.  The  fact  of  the  carbohydrates 
being  an  important  source  of  these  or^nic  acids  and  salts 
has  already  been  mentioned. 

Lastly,  with  many  of  our  foods  we  require  the  addition 
of  certain  flavors,  condiraeute,  etc.,  which,  though  they 
have  little  or  no  real  food-value  in  themselves  in  the 
sense  of  repairing  tissue  or  furnishing  energy,  do  much 
good,  when  not  abused,  by  making  the  food  more  pala- 
table, by  stimulating  the  secretion  of  the  digestive  fluids, 
and  by  acting  as  carminatives.     These  condiments  should 


not  he  omitted  from  the  food  of  the  sick  or  convalee 

for  they  have  a  value  of  their  own,  and  are  " 

to  the  palate  and,  in  moderation,  good  for  the  digestive 

organs." 

As  a  review  of  the  preceding  etatemente,  the  fol- 
lowing quotation,  from  Hotter  and  Firth,'  may  be  of 
value : 

"  With  regard  to  the  necessity  for  all  four  classes  of 
aliments,  it  can  be  afhrmed  with  certainty  that  (putting 
scurvy  out  of  the  question)  men  can  live  fbr  some  time 
and  can  be  healthy  with  a  diet  of  pniteids,  fats,  salts,  and 
water.  But  special  conditions  of  life,  such  as  grrat  exer- 
cise or  exposure  to  very  low  temperature,  appear  to  be 
necessary,  and  under  usual  cc)nditions  of  life  health  is  not 
very  perfectly  maintained  on  such  a  diet.  It  lias  not  yet 
been  shown  that  men  can  live  in  good  health  on  proteids, 
carbohydrates,  salts  and  water,  without  fat. 

"The  exact  efl'ect  produced  by  the  deprivation  of  auy 
one  of  these  classes  is  not  yet  known.  An  excess  of  the 
proteids  causes  a  more  rapid  oxidation  of  fat,  while  an 
excess  of  fat  lessens  the  absoqition  of  oxygen  and  hinders 
the  metamorphosis  of  both  fat  and  albuminous  tissues. 
The  carbohydrates  have  the  same  effect  when  in  excess, 
and   appear   to   lessen  the  oxidation   of  the   two   other 


"  It  is  generally  admitted  that  the  success  of  Banting's 
treatment  of  ol>esity  is  owing  to  two  actions  :  the  increased 
oxidizing  effect  ou  fat  consequent  on  the  increaiie  of  meat 
(especially  if  exercise  be  combined),  and  the  lessened 
interference  with  the  oxidation  of  fat  consequent  on  the 
deprivation  of  starches, 

"  Health  cannot  be  maintained  on  proteids,  salts,  and 
■  TiG«tiM  on  Hjgiene,  p.  256. 
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water  alone ;  but,  on  the  other  liand,  it  cannot  be  main- 
tained witliout  them." 

It  will  be  impossible  to  go  into  details  concerning  all 
the  articles  oommonly  need  as  foods,  but  there  are  certain 
facta  that  should  be  well  known  and  which  cannot  properly 
be  oniittcil  from  a  work  of  this  kind. 

Milk  \s  a  typical  food-^tuff,  complete  in  itself,  in  that  it 
contains  all  the  food-principles,  and  these  in  nearly  the 
proper  proportion,  at  least  for  infant  life.  The  casein  and 
albumin  represent  the  proteids ;  the  cream,  the  fats ;  and 
the  lactose  or  milk-sngar  is  a  concentrated  carbohydrate — 
all  being  in  combination  with  sufficient  salts  and  water. 

Milk  should  constitute  almost  the  sole  food  of  infants 
during  the  earlier  months  of  life ;  and  that  it  is  capable  of 
sustaining  adult  life  almost  indefinitely,  esiiecially  where 
there  is  little  demand  for  heat  or  the  expenditure  of  force, 
has  been  shown  in  numerous  instances.'  Coplin  and 
Bevan  mention  the  case  of  a  patient  who  livwl  and  thrived 
on  milk  alone  for  over  thirteen  months,  and  of  another 
who  lived  for  three  years  on  the  same  diet.  But  the 
limited  proportion  of  carbohydrates,  even  though  concen- 
trated, is  not  all-EuRicient  for  the  maintenance  of  great 
vital  activity,  and  fur  persons  in  ordinary  life  some  addi- 
tion to  the  diet  is  necessary. 

The  albumin  of  milk  is  coagulated  by  heat,  but  the 
casein,  which  constitutes  the  greater  part  of  the  proteid 
element,  is  clotted  by  an  acid  or  by  an  enzyme,  snch  as 
rennin ;  and  as  both  of  these  are  present  in  normal  gastric 
juioG,  it  would  seem  that  the  preliminary  coagulation  of 


indeiBtond,  of  conrao,  that  in  orcJer  to  be  a  proper  food  for 
yoiiiig  in&nts,  cofrs'  njitk  maKt  \m  modifint  ao  s.<<  to  resembls  hamui 
milk  u  nearly  bb  possible,  nnt)  bo  aa  to  give  tlie  proportion  of  the  reipeo- 
tlvo  food-priuciplM  which  each  partiunUc  case  may  uoed. 
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casein  was  essential  to  its  proper  digestion.  It  should  be 
remembered,  however,  that  the  c-asein  of  cows'  milk  fomis 
&  much  harder  aud  firmer  clot  than  does  that  of  human 
miik,  and  that  the  former  should,  therefore,  never  be 
huijtily  introduced  into  the  stomach  in  large  volumes,  but 
should  rather  be  taken  slowly  and  preferably  with  other 
food  which  will  help  to  divide  the  curd  methanically. 
In  the  feeding  of  children,  an  alkali,  such  as  lime-water, 
is  thought  to  soften  the  curd  when  mixed  with  the  milk, 
and  posdbly  to  facilitate  digestion. 

Outside  of  the  body,  fermentative  changes  due  to  certain 
bacteria  may  convert  the  milk-sugar  into  lactic  acid,  which 
coagulates  the  casein  and  "sours"  the  milk,  Auother 
peculiarity  of  casein  is  the  tenacity  with  which  it  holds 
Ini^  quantities  of  phosphate  of  lime,  one  of  the  most 
valuable  of  food-salts. 

Sometimes  it  is  advantageous  or  necessary  to  predigest 
milk  for  infants  or  sick  persons,  but  if  the  digestion  be 
carried  beyond  a  certain  point,  the  consequent  peptones 
and  albunioses  will  give  the  milk  a  bitter  and  disagreeable 
turtte.  In  the  feeding  of  infants  it  must  not  be  foi^tten 
that  the  percentage  composition  of  human  milk  is  different 
from  that  of  cows'  milk,  and  that  the  latter  will  need 
dilution  to  decrease  the  proteid  proportion,  but  an  in- 
crease of  fet  and  carbohydrates.  As  a  child  grows  older 
and  more  active,  it  becomes  necessary  to  add  to  the 
milk  additional  carbohydrates,  which  should  be  easy 
of  digestion  and  soluble,  milk-sugar  and  predigested 
starches  in  the  form  of  maltose  and  its  allies  being  pref- 
erable. 

Milk  should  always  be  kept  as  c<h)1  as  possible  and  in 
closed  vessels,  not  only  to  prevent  the  absorption  of  dis- 
agreeable odors  and  harmful  gases,  which  it  b  very  prone 
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to  do,  but  to  exclude  dirt  aiitl  bacteria  as  well.  As  it  is 
itn  excellent  ciilture-medium,  and  as  it  is  commonly  liable 
to  be  exposed  to  contamination  by  organisms  from  many 
sources  before  it  reaches  the  consumer,  fermentative  or 
other  harmful  chemical  changes  are  almui^t  certain  to 
occur  in  it  if  the  temperature  conditions  are  at  all  favop-  ■ 
able.  For  this  reason  it  is  necessary  that  the  greatest  f 
care  should  be  used  in  the  handling  of  the  milk  from  the 
time  it  leaves  the  cow  until  it  is  used,  and,  for  the  feeding 
of  children  and  whenever  there  is  any  possibility  of  it 
being  the  carrier  of  disease  germa  of  any  kind,  it  shculd 
be  properly  sterilized  and  then  kept  sterile  until  used. 
In  fact,  sterilized  milk,  modified  to  resemble  the  human 
secretion,  will  usually  be  superior  to  any  other  artifioiai 
food  for  infants,  but  the  sterilization  should  always  be 
done  before  fermentation  has  begun  and  harmful  protlucts 
have  been  developed  in  the  milk.  The  sterilization  may 
slightly  alter  the  taste  and  other  properties  of  the  milk  by 
coagulating  the  albumin,  but  it  is  doubtful  whetlier  it 
makes  any  real  change  in  its  digestibility. 

The  cream  of  milk  is  fat  in  its  most  digestible  and  ao- 
ceptable  form,  and  should  not  be  removed  from  milk  if 
the  latter  is  to  be  used  as  food.  If  the  milk  seems  to  be 
too  rich,  it  may  be  advisable  to  skim  it,  giving  it  in  some 
form  or  other  with  the  regular  meal,  and  reserving  the 
cream  until  a  couple  of  hours  or  so  later,  when  gastric 
digestion  is  approaching  completion.  One  may  also  often 
avoid  the  use  of  cod-liver  oil  and  similar  fats  by  taking 
cream — either  plain  or  whipped  and  flavored — in  this  way 
some  littJe  time  at^er  the  meals. 

Skimmed  milk  and  buttermilk  may  be  used  freely  as 
beverages,  as  both  are  refreshing  and  healthful  wilh  some 
little  food-value  j  buttermilk  is  also  acceptable  to  many 
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pereoQS  on  account  of  its  lactic  acid.  "Koumiss"  and 
"  kefir"  are  both  prepared  from  milk  through  the  action 
of  certain  fermentative  organisms,  whicli  also  bring  about 
a  partial  digestion  of  the  casein.  Each  contains  carbonic 
and  lactic  acids,  though  in  different  proportions,  some  JM-p- 
i  or  albumoaes,  and  a  very  little  alcohol.  They  are 
wholesome,  agreeable  to  most  palates,  and  are  usually 
retained  and  utilized  by  stomachs  rebellious  to  almost  all 
other  foods. 

Milk  may  be  a  factor  in  the  causation  of  disease  in  a 
number  of  ways.  Lai^  and  tough  curds  of  cows'  milk 
in  the  stomach  often  cause  mechanical  irritation  and  indi- 
gestion, especially  in  young  children,  and  the  products  of 
tlie  fermentative  action  already  referred  to  are  a  frequent 
source  of  serious  intestinal  disorders;  while  if  further 
decomposition  occurs,  a  very  poisonous  ptomain,  called 
tyrotoxicon,  is  apt  to  be  developed  and  to  cause  even  fatal 
results  to  those  using  the  milk.  This  same  substance  is 
also  liable  to  occur  in  any  milk-product,  such  as  cheese 
or  ice-cream,  and  is  usually  the  cause  or  agent  in  the  cases 
of  poisoning  by  such  products  that  are  so  freijuently 
reported. 

Again,  the  active  principles  of  plants  which  the  oow 
has  eaten  may  be  transmitted  by  the  milk  and  produce 
their  physiolt^ical  effects.  But  a  graver  question  is 
whether  disease  may  be  transmitted  directly  from  the 
animals  to  man  by  this  almost  universal  food-stuff'.  Every 
one  knows  that  the  milk  from  sick  cows  may  cause 
marked  disturbance  of  health,  and  there  is  fair  e%'idence 
that  cattle  are  subject  to  certain  diseases  identical  with 
'  OP  very  similar  to  human  maladies,  the  milk  serving  as  a 
carrier  for  the  contagium. 

Scarlet    fevgr   and   diphtheria    may  be    mentioned   as 
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(liseaws  siLspeoted  of  Ijeiiig  transmitted  in  tliis  way,  and 
there  scema  to  be  no  lunger  any  doubt  in  reganl  to  tiibcp- 
vulusis.  Tlinugli  some  authorities  utill  i^uiution  wliether 
tliis  latter  disease  can  be  thus  transmitted  unless  the  milk- 
glands  themselves  are  afifected,  the  great  prevalence  of  the 
disease  among  cattle  and  experimental  evidence  both  make 
it  certain  that  milk  is  otlen  the  means  of  trausmitting  the 
intcctiou,  and  many  believe  that  by  far  the  larger  number 
of  the  many  cases  of  infantile  tuberculosis  have  origin  from 
this  source.  The  condemnation  and  destruction  of  all  catlle 
that  show  symptoms  of  tubereular  infection  is  certainly 
one  of  the  most  important  and  eiTeetive  methods  of  check- 
ing the  spread  of  and  eliiulmtting  this  very  prevalent  and 
deadly  midady.  The  use  of  inoculations  of  tuberculin 
!is  a  means  of  diagnosis  has  materially  contributed  to  this 
end,  for  by  its  aid  the  presence  of  the  disease  is  often 
indicated  in  many  animals  that  have  as  yet  evinced  no 
physical  signs  of  the  disease. 

Milk,  like  other  food-stuffs,  may  also  become  a  diaeaac- 
ciirrior  through  infection  from  dnat  and  disease  germs, 
especially  in  the  vicinity  of  places  where  infectious  matter 

I  is  allowed  to  dry,  become  pulverized,  and  to  be  taken  up 
into  the  atmosphere  by  winds  and  air-t^urrents.  But  a 
more  common  danger  is  through  carelessness  in  hand- 
ling by  infected  persons  or  by  the  admixture  with  it  of 
water  containing  disease  germs.  Epidemics  of  diphtheria, 
scarlet  fever,  typhoid  fever,  and  cholera  have  all  l>een 
traced  to  a  contaminated  milk-supply,  and  it  is  a  question 
whether  many  of  the  more  or  less  local  outbreaks  in  cities 
are  not  of  this  character.  The  writer  is  personally  cogni- 
sant of  five  cases  of  undoubted  scarlet  fever  that  occurred 
almost  simultaneously  in  one  locality  and  in  which,  ap- 
parently, the  only  common  source  was  the  milk-snpply. 
- I 


He  was  unable  to  discover  that  there  had  been  any  illness 
either  among  the  cattle  or  in  the  family  of  the  milkman  in 
■{tieatioD,  but  he  has  always  felt  that  theru  was  uonsider- 
able  evBHion  in  replying  to  the  inquiries  made. 

Experience  is  also  rapidly  accumulating  that  infecting 
germs  are  implnnte*!  upon  or  in  niauy  foods  by  house-flies, 
roaches,  and  other  insects,  as  well  us  by  larger  vermin, 
and  even  domestic  animals,  such  as  d(^  and  cate. 
Typiioid  bacilli  having  been  obtained  from  the  bodies  of 
flies  from  a  bouse  where  eight  cases  of  typhoid  fever  had 
oe<-urred,  further  experiments  showed  that  flies  fed  vtib 
these  germs  are  able  to  convey  Ihem  to  other  objects  for 
as  long  as  twenty-three  days  aflerwarti.  The  liaeilH  have 
also  been  found  on  the  heads,  legs,  and  wings  of  flies  five 
days  after,  and  in  their  intestines  nine  days  after  such 
fee<iing.'  Consequently,  every  eflort  should  bi-  made  to 
protect  food-supplies  of  all  kinds  from  such  contami- 
nation by  insects  and  vermin,  esi)ecially  in  time  of  epi- 
demics, for  we  should  realize  that  though  most  of  the 
cases  of  an  epidemic  may  arise  from  a  common  source, 
such  as  a  polluted  water-supply,  there  will  be  numerous 
sporadic  cases  of  which  the  infection  has  been  transmitted 
as  alwve. 

The  [wssibilify  of  milk  as  a  source  of  danger  to  health 
having  been  shown,  the  lessons  to  be  had  are  these :  that 
not  only  must  there  be  the  greatest  care  in  the  handling 
and  keeping  of  milk  until  it  is  consumed,  but  there  must 
be  frequent  and  carefid  inspection  of  the  animals 
which  it  conies  and  of  their  environment ;  that  no 
lilk  from  any  diseased  cow  should  ever  be  uso<l  as  food ; 
that  wherever  there  is  the  suspicion  or  possibility  of  the 
being  contaminated  with  disease  germs,  it  must  be 
<  Flckur,  Arcliivca  of  Hygieoe,  IS03,  xlrl.,  p,  mt. 
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tboroiiglily  sterilized,  and  tliat  any  change  fi-om  its  n 
coodilion  should  also  forbid  its  osc. 

Fortunately,  good  milk  can  almost  always  be  had  so 
cheaply  and  readily  that  no  serious  hardship  inures  by  the 
strict  observance  of  these  rules,  and  the  public  should  be 
educated  to  demand  as  well  as  to  pay  fairly  for  pure  milk 
from  healthy  animals,  these  matters  being  even  more 
imjmrtant  than  that  the  quality,  as  shown  by  analysis, 
should  always  be  up  to  a  certain  standard. 

GixkI  milk  in  bulk  should  be  opaque,  of  clear  ivory- 
white  color,  should  have  no  peculiar  smell  or  taste  nor  leave 
any  deposit  on  standing.  Nor  should  it  show  any  change 
in  taste  or  appearance  upon  boiling,  excepting  the  forma- 
tion of  the  slight  skin  of  coagulated  albumin  due  to  the 
heating.  Details  regarding  the  composition  of  milk  and 
the  methods  for  its  examination  will  be  found  in  the  final 
chapter  of  this  volume. 

The  addition  of  preservatives  to  milk  is  very  common, 
and  should  be  discountenanced,  not  only  because  tliey  are 
usually  added  iu  quantities  harmful  or  prejudicial  to 
health,  but  also,  and  almost  more  important,  l)ecause  milk 
should  l>e  supplied  to  consumere  in  such  a  condition  and 
stage  as  not  to  nee<l  the  preservative,  and  the  presence  of 
the  latter  is  therefore  suspicious.  The  same  reasons  also 
justify  the  condemnation  of  the  use  of  artificial  coloring- 
matters.  The  chemicals  commonly  used  as  preser^'ativps 
are  boric  arid,  salicylic  acid,  and  formaldehyde.  Of 
these,  the  salicylic  acid  is  probably  most  harmful,  as  the 
habitual  ingestion  of  even  a  moderate  quantity  is  apt  to 
be  deleterious  to  the  kidneys.     (See  Chapter  X IV.) 

Ohagse  is  a  most  valuable  food-stuff,  and,  as  a  milk- 
product,  may  be  considered  at  this  time.  Good  cheese 
osoally  contains  twice  as  much  nitrogen  and  three  times 
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u  muoh  &t  M  tbfl  Hune  wdglit  of  mtttf  bnt  muy 
poaoDB  apparently  find  it  diffioolt  of  digBatJon  and  oaa 
eat  but  little  of  it  This  is  pob^  beoaun  (be  nntri- 
ment  is  BO  oonoentnted  and  beoaoae^  aa  maall^  eaten,  it 
fonns  in  the  stonudi  a  too^  en*  peaty  aolid  lump  iofai 
vhicb  the  gaetrio  secretion  oanoot  peoetnteu  Mwttiwi 
WiUiamB  has  lenuu^ed  that  we  halutaally  nae  cbeeee  in 
the  oonditioDs  in  which  it  is  moat  indigeatiUe— eitim-  in 
ita  raw  state  or  cooked  into  a  leatheiy  maas — and  he  aaacita 
that  if  the  cookmg  is  suoh  Uiat  it  is  tbonu^y  mixed 
with  other  articles  of  food,  or  if  it  be  tnantiratrftd  with 
other  food,  eo  that  this  commingling  of  partudee  takee 
place,  it  will  be  found  to  be  quite  digestible  b^  almoet 
every  one.  He  aUo  advises  the  addition  of  a  snoall 
amount  of  pota:4siu[n  carbonate  in  the  cooking,  as  *hii> 
fiivors  solution  of  the  casein  and  replaoea  that  salt  vhi<di 
is  removed  in  the  whey.  As  a  food,  only  dieese  made 
from  whole  milk,  or  from  that  to  which  extra  cream  has 
been  added,  satisfies  all  requirements,  and  skim-^nilk 
ctieoses  arc  decidedly  less  nutritioua  than  those  having  the 
full  proportion  of  fat. 

Butter,  consisting  as  it  does  largely  of  the  &t  of  milk, 
16  a  highly  nutritious  artiele  of  food  and  one  of  tbe  most 
digestible  of  its  class.  It  should  be  pure,  sweet  and  free 
from  rancidity,  and  while  some  of  the  substitutes  offered 
in  its  stead  are  entirely  wholesome,  they  should  nev^  be 
sold  as  butter  or  used  to  adulterate  it.  Neither  should 
butter  contain  an  excess  of  water  nor  of  casun,  as  ita 
food- value,  wciglit  for  weight,  is  thereby  aooordinglj 
lessened. 

Eggs  yield  almost  their  full  weight  of  food  in  a  oon- 
centrated  and  very  digestible  oondition,  and  are  valoable 
on  this  account,  as  well  as  for  their  palatability  and  their 
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value  in  the  preparation  of  many  dishes.  Althougli  con- 
taining practically  no  carbohydrates,  they  have  sufficient 
fbod-material  in  themselves  for  the  complete  development 
of  the  living  chick,  with  tlie  aid  of  notliing  external 
except  the  oxygen  which  passes  through  the  shell :  the 
lack  of  the  carbohydrate  element,  ordinarily  one  of  the 
essential  ioud-princip!es,  is  supplied  by  the  heat  from  the 
Biother  hen  or  incubator,  which  is  sufBcieut  for  the 
development  and  maintenance  of  the  vital  processes,  since 
the  untiatched  creature  wastes  almost  no  energy  in  physi- 
cal activity. 

The  white  of  egg  is  almost  pure  albumin  with  a  little 
water  and  some  salts ;  the  yolk  coutains  about  30  per 
cent,  of  fat  and  some  albumin.  The  albumin  coagulates 
at  about  170°  F.,  but  if  it  is  exposed  to  a  still  higher 
temperature  for  any  but  a  very  short  period  of  time,  it 
becomes  hard  and  dtfiicult  of  digestion.  A  so-called 
"softrboiled"  e^  is  scarcely  more  difBcult  of  digestion 
than  an  uncooked  one,  and  is  certainly  more  palatable  to 
almost  every  one. 

I^gs,  milk,  and  cheese  may  be  made  into  many  nutri- 
tious and  palatable  combinations  which  furnish  food 
especially  agreeable  to  the  sick,  as  well  as  to  those  whose 
appetite  and  digestive  functions  have  not  been  impaired. 

Heat. — Good  meat,  when  deprived  of  its  contained 
water,  is  a  concentrated  food,  and  is  used  Dot  only  on 
Bcconnt  of  the  large  amount  of  nutriment  it  contains,  but 
also  fur  its  ricli  and  agreeable  flavor.  It  represents  much 
vegetable  matter  converted  into  its  present  palatable  and 
more  digestible  form  by  the  metabolic  activity  of  the  ani- 
malj  from  which  it  came.  It  contains  all  the  essential 
Ibod-principles,  the  carbi)hyd rates,  however,  being  present 
,lie  muacle-HUgar  or  inosite  and,  as  in  milk,  in  very  small 
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pru)x>rtioii.  In  alt  fresh  meat  there  is  much  water,  hut 
more  iu  lean  thau  in  fat  meat ;  fat  bacon  contains  (lU  j>er 
cent. ;  lean  beef,  from  75  to  78  per  cent,  of  waler.  As 
tlie  proportion  of  fat  increasea,  the  quantity  of  albuminoids 
or  prott.-ids  decreases :  thus,  lean  beef  may  have  only  2  per 
cent,  of  fat  to  from  20  to  24  per  cent,  of  protcids,  while 
liacon  has  aiwut  24  per  cent,  of  fat  to  15  per  cent,  uf 
proteids. 

Of  the  varieties  of  meat  commonly  used,  beef  is  the 
most  nutritious.  Good  beef  should  not  be  too  [Mile  nor 
too  dark,  should  show  no  blood-t^lots,  have  almost  no  cdor, 
be  elastic  and  not  so^y  to  the  touch,  be  well  marbled 
with  clean,  white  fat,  and  have  compact  flesh.  Dark 
beef  indicates  that  the  animal  was  not  properly  bled,  or 
has  had  some  febrile  diisease ;  wet  and  ilabby  meat,  that 
it  is  approaching  decomposition.  The  flesh  of  young 
animals  is  more  tender  than  that  of  older  ones,  but  not 
BO  digestiiile,  partly  because  the  young  flesh  cannot  be  so 
thoroughly  masticated  and  the  fibres  so  well  separat«l. 
Therefore,  veal  is  not  so  digestible  as  beef,  nor  lamb  as 
mutton.  "Young  fl(sh  is  less  stimulating  and  nutritious 
and  more  gelatinous  than  that  of  the  adult."  {Vaughan.) 
Veal  should  not  be  too  [lale,  as  that  indicates  ante-mortem 
bleeding  or  too  young  an  animal.  The  calf  should  be  at 
least  one  mouth  old  before  the  killing. 

Mutton  is  more  digestible  than  beef,  but  not  so  nutri- 
tious. Its  flavor  is  objectionable  to  some.  Pork  is  an 
economical  food  for  the  poor  man,  as  pigs  of  good  stock 
store  up  three  times  as  much  of  the  food  they  eat  as  does 
the  ox.  The  flesh  is  also  easily  preserved  by  drying  or 
smoking,  and  ham  and  bacon  are  exceptions  to  the  rule 
tliat   dried  meats  are  more  indigestible  than  fresh  ones. 


Again,  [lork  fat  furnishes  much  heat  for  cold  weather 
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its  oxidation  and  combustiuu  in  tho  body.  But  it  must  be 
rememlwred  that  it  n.'quin-a  good  digestive  jKtwer  to  dis- 
pose of  it,  and  tliat  much  pork  is  not  to  be  adviatii  for 
those  of  sedentary  habits;  also  tliat  certiLiti  parasites  are 
es^ieciiilly  liable  to  infest  the  tissues  of  the  pig  and  to  be 
transmitted  thence  to  man. 

Tlie  flesh  of  poultry  is  acceptable  to  most  palates,  if  not 
too  old  and  tough.  Wliite  meat  is  more  digestible  than 
tlie  dark,  but  not  so  nutritious  or  rich  in  flavor,  since  the 
btter  is  more  highly  nitrogenous.  Chicken  broth  is  more 
nutritious  and  more  laxative  than  tliut  made  from  mutton. 

Fish  is  not  sufficiently  stimulating  to  constitute  the 
chief  flesh  diet  of  a  people,  but  it  furnishes  variety,  and 
on  account  of  its  contained  phosphorus  should  be  used 
lai^ly  by  those  subject  to  neurosal  affections.  White- 
meated  fish  are  more  delicate  in  flavor  and  more  easily 
digested,  but  not  so  stimulating  as  those  of  red  flesh. 
Some  fish  arc  poisonous,  either  by  nature  or  from  inhabit- 
ing foul  waters ;  while  any  fish  may  become  so  if  under- 
going decomposition.  Shell-fish  are  particularly  liable 
to  develop  jxjisonous  ptomains  in  the  process  of  decora- 
podtioD,  and,  consequently,  only  such  as  are  absolutely 
fresh  should  be  used. 

Oysters  and  clams  which  have  been  taken  from  a  water 
contaminated  by  sewage  may  also  convey  the  germs  of 
infectious  diseases,  such  as  typhoid  fever;  an  instance  of 
this  having  Ijecn  demonstrated  in  the  investigalion  of  ati 
epidemic  of  the  latter  disease  in  Connecticut,  which  was 
reported  by  Prof.  Conn,  of  Wesleyan  University. 

"The  following  meats  should  not  be  eaten:  1.  The 
flesh  of  all  animals  di'ad  of  internal  diseases,  or  which 
have  been  killed  while  suflering  from  such  diseases,  or 
animals  killed  by  overdriving.     2.  The  flesh  of  animals 
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s  that  may  be  transmitted  to  niaa. 


3.  The  flesh  of  animals  that  bavo  been  poisineil.    4.  The 


sfnim, 
trans- 


tl^sh  of  animals  with  eevere  infectioii:^  digeascs,  as  ] 
etc.  5.  Flesh  that  contains  parasites  tliat  may  h 
mitted  to  man.     6.  All  putrid  flesh." 

Competent  inspectors  are  appointed  by  governmental 
and  Btate  authorities  to  examine  the  various  meats  oflered 
fur  sale  in  large  cities,  and  undoubtedly  do  oiucli  gixHl  in 
preventing  the  wile  of  meat  that  is  unfit  for  use.  UufuT*, 
tiinately,  from  false  ideas  of  economy  in  many  commuoi 
ties,  the  autliorized  inspectors  are  too  few  in  number  to. 
be  able  to  attend  to  all  the  work  that  should  be  done 
by  them. 

Coplin  and  Bevan  give  the  following  as  diseases  whloh 
are  to  be  specially  guarded  against :  In  cattle,  epidi 
])I euro-pneumonia,  foot-and-moutb  disea.«e,  contagious  tj 
phus,  anthrax,  tuberculosis,  actinomycosis,  Texas  fever, 
dropsical  affections,  and  indigestion.  In  sheep,  brazy, 
variola  ovina,  black  quarter,  phthisis,  fluke  disease,  and 
gid,  lu  awine,  anthrax,  bog  cholera,  measles,  and  trichin- 
iasis.'  It  should  also  be  remembered  that  the  intestiaol 
parasites,  such  as  tape-worms  and  round-worms,  often,  if 
not  usually,  gain  entrance  into  the  system  through  ti» 
ingestion  of  meat  containing  them  in  their  embryonal 
larval  stages. 

Therefore,  in  cooking  meat,  every  part  should  be  heated 
D  at  least  160°  F.  sufficiently  long  to  destroy  any  disease 
irms  or  parasites  it  may  contain,  as  very  rare  meat  may 
itill  harbor  these  organisms  in  a  living  state.  Tubercu- 
Jsis,  for  instance,  may  l>e  incurred  by  eating  flesh  impcr- 
y  cooked,  since  its  germs  are  quite  resistant ;  though  it 
t  be  said  that  this  disease  is  not  so  likely  In  affect  the 
'  Oerltch.        '  Huiual  of  Practical  Hfgicnc,  lat  edition,  p.  133  et  Htq. 
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muscular  tissue  of  ao  animal  ns  arc  others  of  the  maladies 
montionwl.  The  developnieut  of  ptomui'ns  in  flesh  may 
alao  make  it  quite  poiaonoua,  and  this  is  especially  likely 
to  take  place  in  meats  that  have  been  kept  for  a  long  time 
after  killing  or  in  those  preserved  in  cans  or  other  pack- 
ages that  have  been  imperfectly  heated  or  sealed. 

Meat  is  also  cooked  U^  improve  it  in  apiiearance  and  to 
make  it  more  agreeable  to  the  palate  and  to  aid  digestion. 
As  already  stated,  the  effect  of  cooking  npon  muscle-tissue 
is  "  to  loosen  the  bundles  of  fibrillse  from  each  other  so  that 
they  are  readily  torn  asunder  or  crushed  by  the  teeth." 
Perfectly  cooked  flesh  is  more  savory  than  that  which  is 
either  underdone  or  overdone.  Meat  cooked  before  rigor 
mortis  sets  In  may  be  tender ;  cooked  during  the  rigor,  it 
is  tough  and  is  masticated  with  difficulty  ;  aft«r  the  rigor, 
it  is  more  likely  to  be  tender  when  cooked  than  at  any 
previous  time. 

In  cooking  meat,  the  ultimate  condition  in  which  we 
wish  it  to  be  shoidd  always  be  kept  in  mind,  and  pains 
should  also  be  taken  not  to  overcook  or  use  too  high  a  tem- 
perature. The  processes  pursued  in  making  a  palatuble 
soup  or  broth,  and  iu  cooking  meat  so  that  it  may  retaiu 
all  its  juices,  salts,  and  flavors,  are  radically  different.  In 
the  first  case,  it  is  desired  to  extract  as  much  of  the  soluble 
constituents  of  the  flesh  as  possible,  and  to  do  this  the  meat 
should  be  cut  into  small  pieces  and  allowed  to  remain  for 
a  time  in  cold  water,  this  afterward  being  very  gradually 
raised  to  a  temperature  of  alxiut  160°  F.  In  this  way 
the  juices  exude  and  the  salts  and  soluble  parts  of  the 
meat  are  dissolved  before  the  pores  arc  closed  by  the 
coagulation  of  the  albumin.  On  the  other  hand,  if  it  is 
d^ired  to  retain  the  juices  and  savor  in  the  meat,  the  piece 
Hbould  be  as  tai^  aa  possible  that  the  surface  exposed  will 
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be  small  in  proportion  to  the  volume.  The  meat  is  to  be 
first  subjected  to  u  temperature  as  high  as  possible  that  the 
surface  may  be  cooked  at  once  and  the  albumin  coagulated, 
the  juices  being  thus  prevented  from  escaping  by  the  scal- 
ing of  the  pores.  In  boiling,  this  end  is  attained  by 
plunging  the  meat  at  once  into  boiling  water ;  in  roasting, 
by  having  the  fire  or  oven  very  hot  Afler  this  first  heat- 
ing it  is  best  to  lessen  the  degree  of  heat  somewhat,  that  the 
subsequent  cooking  of  the  interior  may  go  on  more  slowly 
and  the  temperature  within  may  not  rise  above  the  coagu- 
lating-point  and  make  the  fibres  hard  and  stringy.  Meat 
cooked  in  tliis  way  should  be  tender,  juicy,  and  rich  in 
flavor.  Broiling  or  grilling  is,  of  course,  but  a  modified 
roasting. 

Soups  and  broths  made  of  nioat-juices  alone  and  with- 
out the  addition  of  other  substances  are  stimulating  rather 
than  nutritious,  as  they  contain  little  albumin,  carbo- 
hydrates, or  fat.  However,  if  certain  vegetables  be  added 
to  the  soup,  the  latter  will  gain  sufficient  of  these  food- 
principles  and  1)0  highly  nutritious,  and  such  vegetable 
soups  are  of  great  value  in  all  schemes  of  economic  cook- 
ing. Bones  are  also  of  value  on  ac(*ount  of  the  salts, 
gelatin,  and  other  soluble  organic  matter  which  they  con- 
tain, and  used  with  vegetables  they  make  especially  nutri- 
tious and  easily  digc^sted  soups. 

The  meat  from  which  soup  has  l)een  made,  on  the  other 
hand,  is  not  all  that  is  desirable,  for  though  it  still  con- 
tains albumin  and  fat,  it  has  lost  its  salts  and  savoriness 
and  is  unpalatable,  and  therefore  not  easily  digested.  It 
needs  something — ^a  sauce  or  condiment,  or  preferably  a 
meat-extract,  for  meat'-extraets  are  nothing  but  thin  soups 
evaiK)rate<l  to  dryness  or  eondcnse<l.  Or,  if  both  soup 
and   the  meat  be   taken    at  the   same  meal,  the   thinga 
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I^ii'king  in  each  are  suppliwi  by  the  other,  and  the  needs 
of  digG:ition  and  nutxition  are  fiiippliod. 

Frj-ing  meat,  as  it  is  commonly  practised,  shonld  not 
be  tolerated,  as  it  renders  the  albumin  of  the  flesh  ex- 
tremely tough,  besides  soaking  it  with  fat  or  grease  and 
thus  greatly  increasing  the  difficulty  of  its  digestion. 
But  frying  by  total  immersion  in  boiling  fat  is  an  excel- 
lent way  of  cooking  meats  containing  much  water,  and 
especially  fish,  for  the  boiling-jwint  of  fat  or  oil  is  very 
high  and  the  meat  is  instantly  cooked  on  the  outside, 
while  the  water  in  the  interior,  being  converted  into 
steam,  prevents  the  ingress  of  fat  by  its  expansion,  cooks 
the  albumin,  and  leaves  the  flesh  in  a  light,  flaky  condi- 
tion. But  the  fat  must  be  boiling  hot  when  the  meat  is 
immersed,  and  the  latter  should  not  be  allowed  to  renmin 
in  the  former  longer  than  just  suffices  for  perfect  cooking. 

Beef-tea  as  ordinarily  made  is  only  a  thin  extract  of 
beef,  the  stimulating  properties  of  which  will  be  consid- 
ered hereafter.  To  make  a  beef-tea  containing  any  con- 
siderable amount  of  nutriment,  the  meat  from  which  the 
juices  have  been  extracted  should  be  dried,  pounded 
fine,  and  all  fibrous  and  tendinous  portions  removed. 
This  pounded  beef  shonld  then  be  added  to  the  liquid 
extract,  as  then  only  is  it  reallj-  a  food.  Moreover,  the 
mixture  should  always  be  seasoned,  even  for  the  sick, 
that  it  may  be  thoroughly  acceptable  to  both  palate  and 
stomach.  In  making  the  extract,  remember  that  the 
meat  should  be  cut  into  very  email  pieces  and  added  to 
cold  water  in  about  the  proportion  of  one  pound  of  k'un 
meat  to  one  pint  of  water,  and  that  tlie  whole  should  be 
brought  to  the  Ixiiling-point  very  slowly. 

Cereals. — The  cereals  form  one  of  the  most  valuable 
kinds  of  fixHl.     All  but  rice  contain  considerable  proteid 
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matter — from  10  to  20  per  cent.— beside  carbohydrates, 
which  predominate,  aome  fiit,  and  a  goodly  proiwrtiou  of 
phusptiatee.  Rice  has  only  5  per  cent  of  proteids  to  75 
per  cent,  of  starch,  but  it  is  easily  digested,  and  is  there- 
fore a  valuable  food  for  the  young  and  the  sick  ;  it  is  also 
well  fitted  aa  a  chief  food  for  dwellers  in  hot  climates  on 
account  of  it«  low  heat-production. 

Wheat  is  the  most  nutritious  cereal,  and  bread  made 
from  it  is  aptly  called  "  the  staff  of  life,"  since  it  is  a 
food  which,  with  the  addition  of  a  little  extra  fat  and 
albumin,  furnishes  the  essentials  in  proper  proportion  for 
the  support  of  life.  Barley  closely  resembles  wheat  in 
composition,  and  rye  also  is  rich  in  nutriment,  though 
perhaps  a  little  more  difficult  of  digestion  than  wheat, 
Oats  arc  valuable  on  account  of  the  large  amount  of  fat 
they  contain — over  5  per  cent. — beside  a  full  share  of 
proteids,  starch,  and  salts.  But  ordinary  oat-meal  needs 
vigorous  digestive  functions,  and  where  the  latter  are 
lacking  it  is  oAen  productive  of  intestinal  disturbance 
and  irritation.  Corn  or  maize,  though  not  a  true  cereal, 
furnishes  a  valuable  food  with  considerable  fat;  it  also 
contains  a  vegetable  fibrin.  The  proteid  constituents  of 
the  cereals  are  vegetable  albumin,  casein,  and  gluten,  the 
last  of  these  being  most  abundant  in  wheat  and  perliaps 
of  the  highest  food-value. 

Grinding  breaks  up  the  grain  and  the  starch  granules 
of  the  cereals,  aids  in  separating  indigestible  parts,  and 
renders  the  starch  much  more  suitable  for  cooking. 
Wheat  flour  ground  by  the  old  method  should  be  soft  and 
emooth,  but  that  made  by  the  new  roller-process  is  more 
apt  to  be  slightly  granular.  It  should  npt  be  too  white, 
aa  that  indicates  a  lack  of  the  proper  proportion  of  gluten, 
and  should  contain  everything  but  the  outer  husk  of  the 
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grain.  The  inner  coat^  sliould  be  retjiioed  in  the  flour, 
as  they  hold  a  considerable  part  of  the  gluten  and  practi- 
cally all  of  the  grain  salts.  Corn-nieal  shuuld  be  drj-  and 
powdery,  or  at  least  not  too  granular.  Flour  of  any  kind 
iihould  be  kept  well  covered  in  a  dry  place,  and  should 
contain  no  living  oi^nisms  nor  any  adulterants. 

Bread  is  practically  made  of  flour,  water,  and  salt, 
tbuugh  sugar,  milk,  etc.,  may  be  added  to  improve  the 
flavor.  As  flour  and  water  alone  make  a  tough  and  in- 
digestible mass,  bread  is  leavened  to  make  it  easier  of 
mastication  aud  digestion,  and  for  this  purpose  either 
yi-ast,  baking-powder,  or  aeration  b  employed.  Yeast  at 
the  proper  temperature  rapidly  converts  some  of  the  starch 
or  sugar  into  carbon  dioxide  and  alcohol,  the  former  of 
which  in  escaping  makes  the  dough  porous  and  light,  the 
walls  of  the  cavities  it  produces  being  kept  from  collaps- 
ing by  the  tenacity  of  the  gluten  until  the  heat  fises 
them  permanently.  A.«  the  heat  of  baking  dissipates  both 
the  gas  and  alcohol,  from  10  to  12  per  cent,  of  the  weight 
of  the  flour  used  is  lost  by  this  method.  Moreover,  if  the 
fermentation  goes  Iwyond  a  Mrtain  point,  lactic  and  acetic 
acids  are  formed  and  the  bread  becomes  "  sour."  Con- 
sequently, it  has  been  advised  that  the  yeast  method  be 
discarded,  and  that  the  leavening  be  done  by  means  of 
baking-powders  or  aeration.  Carbon  dioxide  is  evolved 
from  the  baking-powders  upon  the  application  of  heat  and 
rooiature,  and  the  bread  is  made  light  by  the  gas,  with  no 
lose  of  food -substance,  and,  if  the  powders  are  pure,  with 
nothing  harmful  added  to  the  bread.  There  should  be 
no  alum  or  other  adulterants  in  baking-p<'wders  nor 
in  the  flour  ItmAf.  Alum  unites  witli  the  phosphates 
pf  the  flour,  rendering  them  insoluble  and  preventing 
their  absorjition  from  the  alimeutary  tract.     Bread  may 
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also  be  leavened  on  a  large  scale  by  forcing  air  or 
carbon  dioxide  under  high  pressure  into  the  dough,  or 
by  mixing  the  flour  with  coltl  water  hea\'ily  charged 
witli  the  latter  gas.  In  this  mrtliod,  also,  there  can  be 
no  loss  of  food-ma tfrial  nor  any  detriment  to  tlie  bread, 
provided  cleanly  precautions  are  observed. 

Good  wheat  bread  should  be  almost  white,  light,  swe^, 
spongy,  and  with  a  crust  easily  broken  and  equal  in  bulk 
to  about  one-quarter  of  the  loaf.  As  considerable  of  the 
starch  has  been  converted  into  dextrine  in  the  crust,  the 
latter  is  more  easily  digested  than  the  interior  of  the  loaf. 
Fresh  bread  is  not  nearly  so  digestible  as  that  which  is 
ft  day  or  two  old.  As  stated,  bread  needs  only  a  little 
added  fat  and  albumin  to  make  it  a  perfect  food,  the 
former  of  which  at  least  is  almost  if  not  quite  sufBeiently 
supplied  in  the  butter  which  is  commonly  used  upon  it. 

Vegetables. — The  v^etables  in  common  use  are  valu- 
able articles  of  food  in  that  they  give  us  the  lai^r 
portion  of  carlxib  yd  rates  and  also  furnish  an  agreeable 
variety  from  day  to  day.  In  the  fresh  state  they  contain 
considerable  water — from  75  to  90  or  95  per  cent. — the 
residue  being  mainly  one  or  another  of  the  carbohydrates. 
Potatoes  exemplify  this  well,  since  they  contain  but  little 
proteids  and  fat,  and  practically  all  of  their  solid  matter 
is  starch.  On  account  of  their  customary  cheapness  and 
ease  of  growth  and  storage  they  are  usually  considered 
to  be  a  valuable  article  of  food  for  the  poor  man,  but 
it  should  not  be  forgotten  that  other  foods  which  are 
apparently  more  expensive  may  at  limes  be  actually 
cheaper  than  potatoes,  both  on  account  of  containing 
those  principles  which  the  latter  lack  and  because  they 
require  less  expcuditupc  of  digestive  energy.  (See  chart, 
page  258.)     Beets  contain  much  sugar  and  are  nutritious, 
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palatable,  and  easily  digested.  Onions  have  considerable 
sulphur,  and  should  be  used  freely  when  its  neeii  is  indi- 
cat«l.  Cabbage,  creas,  anil  other  greens  are  especially 
valuable  for  the  organic  salts  which  they  contain,  and 
l»ecanse  they  serve  so  well  as  relishes.  Spinach  is  said  to 
contain  more  assimilable  iron  than  any  other  article  of 
food  commonly  used.  Celery  and  lettuce  are  nerve  seda- 
tives, and  asparagus  acta  as  a  diuretic  and  is  thought  to  be 
of  special  benefit  to  the  kidneys. 

The  seeds  of  the  leguminous  group  of  plants,  such  as 
peas,  beans,  lentils,  etc.,  contain  from  22  to  25  per  cent, 
of  proteid  matter  in  the  form  of  v^elable  casein,  and 
almost  50  per  cent,  of  starch.  It  is  on  account  of  this 
abundance  of  food-matter  tliat  they  make  such  a  valuable 
addition  to  soups  and  the  like,  and  for  the  same  reason 
they  should  also  be  used  in  any  dietary  where  economy 
of  expense  is  a  facfr.  Green  peas  and  beans  arc  much 
more  digestible  than  those  that  have  ripened  and  drie<l, 
though,  of  course,  they  do  not  yield  so  much  nutriment, 
weight  for  weight,  as  the  latter. 

All  vegetables  should  be  so  cooked  as  to  retain  their 
salts,  or  else  the  water  in  which  they  are  cooked  and 
which  contains  these  salts  should  be  used  in  making  soup 
or  broth,  to  be  serveil  at  the  same  meal  witli  the  vege- 
tables. This  is  especially  advisable  with  regard  to  pota- 
toen  and  sweet  potatoes,  as  their  »iluble  salts  have  much 
to  do  with  their  digestibility.  It  is  for  this  reason  that 
a  properly  roasted  potato  is  always  better  than  a  boiled 
one,  and  that  steamed  vegetables  are  both  more  }ialatab1e 
and  more  digestible  than  those  which  have  been  cooked 
under  water.  In  fact,  Mattieu  "Williams  has  even  sug- 
gested that  possilily  one  reason  why  gout  is  so  prevalent 
among  Englishmen  is  because  they  habitually  eat  boiled 
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vegetables  and  thmw  away  the  water  in  whicli  tbesc  have 
been  cooked.  The  salts  not  only  help  in  the  digestion  of 
the  starches,  but  tliey  iumish  bases  to  uuit«  with  am) 
render  soluble  the  irritating  acids  that  produce  the  gouty 
symptoms.  It  should  also  be  remembered  that  the  dried 
legumes  should  always  be  softened  by  soaking  in  water 
before  cooking,  and  that  they  as  well  as  other  vegetables 
should  be  cuoketl,  whenever  possible,  in  soft  water. 

Prepared  utarchea,  sueli  as  arrow-root,  tapioca,  sago, 
etc.,  are  easily  digestible,  and  therefore  useful  especially  iu 
the  pre]iarjtion  of  food  for  the  young  and  the  sick. 

Froits  are  esjtecially  valuable  on  account  of  their 
flavor,  acceptability  to  the  palale,  benefit  to  the  diges- 
tion, and  for  their  laxative  action.  Ripe  fruits  may  be 
eaten  freely :  in  most  cases  preferably  early  in  the  day. 
Fresh  fruits  are  usually  better  than  those  dried  or  other- 
wise preserved ;  but  where  the  former  cannot  be  had,  the 
latter  should  be  usetl  freely,  and  all  should  l>e  used 
throughout  the  year  whenever  possible.  Green  fruit,  or 
that  which  has  begun  to  decay,  should  not  be  eaten,  for 
obvious  reasons. 

Nuta  are  nutritious  on  account  of  the  high  percentage 
of  fat  that  most  of  them  contain,  but  are  difficult  of  diges- 
tion unless  thoroughly  masticated.  Recently  pastes  made 
from  various  nnts  have  been  placed  on  the  market,  and 
are  to  be  considered  as  an  agreeable  addition  to  our 
dietaries. 

Adulterants  and  Preservativea. — Much  might  I>e 
written  concerning  the  adulteration  and  sophistication 
of  food-stuffs  and  <if  the  addition  of  more  or  less  harmful 
preeervativea  to  fowl  of  a  perishable  nature.  That  the 
first  is  carrietl  on  to  an  enormous  extent  seems  certain. 
The  remedy  appears  to  be  in  tlie  passage  and  enforcement 
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of  stringent  laws  and  the  maintenunee  of  frequent  and 
rigid  inspection  by  botb  State  and  governmental  anthori- 
ties,  in  the  dissemination  of  information  as  to  the  adultera- 
tions practised  and  the  means  of  detecting  them,  and  in  the 
utmost  publicity  and  exposure  in  the  case  of  transgres.sors. 
As  to  the  use  of  preservatives,  the  very  extenfiive  Rile 
of  these  in  localities  where  they  would  be  most  likely  to 
be  added  to  food  indicates  their  employment,  as  does  their 
continual  discovery  by  direct  analysis.  In  Birmingham, 
England,  such  preservatives  were  found  in  20  per  cent, 
of  2300  samples  of  food  examined,  and  boric  acid  in  5 
per  cent,  of  1360  samples  of  milk.  Such  substances  as 
boric  acid,  salicylic  acid,  and  formaldehyde  ore  commonly 
used,  though  it  is  frequently  stated  that  more  dangerous 
ones,  such  as  hydrofluoric  acid,  are  occasionally  employed. 
And  though  it  should  in  fairness  be  stated  that  it  is  pos- 
sible that,  if  only  the  minimum  of  such  snlwtances  as  boric 
acid  and  formaldehyde  necessary  to  prevent  putrefactive 
or  fermentative  changes  in  food  be  used,  no  harm  to  the 
human  economy  will  result,'  yet  it  is  undoubtedly  wiser 
to  condemn  the  practice  of  adding  chemical  preservativea 
of  any  kind  to  food.  There  are  two  reasons  for  this : 
1.  There  is  no  surety  and  very  little  probability  that  the 
minimum  quantity  of  preservative  consistent  with  safety  to 
health  will  not  be  exceeded  in  moat  cases  through  careless- 
ness or  recklessness.    2.  That  foods  that  apparently  require 

'  Bidesl  »nd  Fiillerton  IPublic  Health,  May,  18901  srrive  at  the  fol- 
lowing conclasiuns:  I.  Boric  acid  (1  to  20001  Hnd  farmBldchjde  (I  to 
60,000)  are  effective  iireBervatlves  tor  milk  for  tWoiit;-fnur  hoars.  S. 
ThMB  qnantiliea  hHvo  no  n|ipn«inble  effect  npoii  the  dJKwtion.  3.  These 
qnsntltipH  hove  no  npprcFiable  effect  npoH  tlie  digestibility  of  foods  pre- 
pared with  them.  4.  Formaldehyde  in  the  proportion  given  above,  bo  far 
as  their  InveatigationB  bavn  extended,  does  not  appear  to  bave  any  in- 
Jarious  action  upon  animal  tissues  or  nutrition. 


such  prcservativefl  should  be  supplied  to  tlie  consumer 
bffore  the  deterioration  in  them  lias  begun,  or  else  they 
should  be  sterilized  by  the  more  costly  but  safer  employ- 
ment of  beat. 

The   fullowing  diagram   may  be  of  service  in  di 

mining  the  value  of  certain  food-stufl'n : 
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CHAPTER   VII. 

STIMULANTS  AND  ISEVEEAGB8. 

The  essential  function  and  property  of  stimulants  is  to 
liltLTale  some  of  the  latent  force  of  the  body,  and  tliey  are 
of  use  and  value  iu  sudden  emergencies,  to  tide  the  system 
over  important  crises,  to  hasten  a  tardy  convalescence, 
or  perchance  to  whip  up  a  flagging  digestion  so  that  it 
may  the  better  prepare  food  for  the  repair  of  wast*  or 
the  supplying  of  body-l'ncl.  Those  Btiniulantfi,  excluding 
drugs,  with  which  we  are  most  concerned  are  of  tliree 
claases,  viz.,  nitrogenized  vegetable  stimulants,  such  as 
tea  and  coffee;  nitrogenized  animal  stimulants,  as  lieef- 
tca  and  mcatr^xtracts ;  and  alcohol.  All  these  are  "  force- 
liberators,"  and  though  alcohol  may  sometimes  act  the 
part,  in  more  moderate  measure,  of  a  "  forco-pnxlucer," 
it  is  well  to  remember  that  they  give  scarcely  anything 
at  all  to  renew  or  replace  the  enei^y  which  they  set  free. 
This  being  so,  care  should  always  be  taken  that  some 
food  be  supplied  during  or  shortly  after  the  stimulation 
produced  by  the  agents  in  question,  in  order  that  the 
body  may  have  a  new  store  of  force  to  replace  that  which 
has  been  liberated.  Especially  is  this  necessary  in  cases 
of  sickness ;  and  as  the  soluble  carbohydrates  furnish  fuel 
and  consequent  heat  and  enei^y  to  carry  on  the  vital  pro- 
cesses, these  even  more  than  other  kinds  of  food  are  to  be 
supplied,  and  will  generally  be  well  receivei!  and  utilized 
by  patients  or  others  in  need  of  stimulation.     Again,  just 
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06  we  must  not  depend  on  Btiniulant«  alone  to  the  exclu- 
sion of  food,  so  also  must  we  take  care  not  to  continue 
their  use  any  longer  than  is  necessary  to  attain  our  object, 
and  likewise  must  not  overstiraulatc  or  carry  the  action 
BO  far  that  the  body  is  left  [joorcr  and  weaker  in  force 
than  before  the  use  of  the  stimulauts  b^;an. 

For  example,  beef-tea  constantly  stimulates  the  vital 
and  nervous  functions  to  greater  activity,  tliis  requiring 
that  either  tissue  or  food  be  oxidized  to  produce  the  neces- 
sary energy.  The  stimulating  factors  in  ordinary  beef-tea 
are  the  meat-extractives,  such  as  kreatin  and  krcatinine, 
which  are  products  of  the  wear  and  tear  of  life,  inter- 
mediate between  living,  active  tissue  and  the  final  excre- 
tory matters,  such  as  urea  and  uric  add  ;  hence  they  can 
have  little,  if  any,  real  food-value.  Beside  those  the  beef- 
tea  rantatna  only  the  salts  of  the  meat,  which,  though  valu- 
able, are  not  force-producers.  Therefore,  unless  food  be 
ottierwise  supplied,  the  body-tissue  must  be  consumed, 
and  the  result  must  eventually  Iw  in  the  end  disastrous; 
and  yet  this  is  what  occurs  to  many  patients  through  the 
mistaken  idea  that  beef-tea  is  both  nourishing  and  stimu- 
lating. When  "whole  beef-tea"  (the  recipe  for  which 
is  given  on  page  251)  is  used,  these  remarks  do  not 
apply,  since  it  contains  some  tnie  food,  though  even  here 
soluble  or  readily  digestible  carbohydrates  may  wisely  be 
added. 

The  active  principles  of  the  nitrogenized  vegetable 
iimulants  resemble  very  closely  in  chemical  composition 
»t  only  the  meat-extractives,  but  also  those  drugs,  like 

rychnine,  which  are  used  in  medicine  as  tonics  and 
serebrospinal  stimulants,  and  they  act  physiologically  in 
a  similar  though  milder  manner. 

As  beverages,  tea,  coffee,  and  cocoa  supply  fluid  for  the 
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system  and  that  stimulation  of  the  assimilative  functions 
tliat  causes  a  sense  of  comfort  after  their  use,  cocoa  and 
chocolate  having  also  the  advantage  of  supplying  some 
food.  But  these  beverages  may  all  be  abused  in  their  use 
as  readily  as  may  beef-tea  or  alcohol,  and  '*  tea-drunkards  " 
and  "  coffee-drunkards  "  are  not  uncommon  in  hospitals 
and  in  private  life.  The  teacup  is  not  always  the  one 
that  "  clieers  but  does  not  inebriate."  Women  especially 
who  drink  much  tea  are  apt  to  be  nervous  and  dyspeptic, 
to  have  the  "tea-drinker's  heart,"  and  to  suffer  from 
headaches  and  neuralgias.  They  depend  upon  tea  to  take 
the  place  of  nutriment,  and  soon  use  up  what  little  store 
of  force  they  may  have  liad,  since  they  fail  to  replenish  it 
with  fuel-food.  Men  are  more  addicted  to  the  use  and 
abuse  of  coffee,  and  often  manifest  symptoms  directly 
traceable  to  such  intemperance.  While  caffeine  increases 
heart  action,  and  may  be  used  to  advantage  in  cases  of 
cardiac  debility,  for  the  same  reason  it  should  be  taken 
with  caution  and  in  moderation  where  the  cardiac 
action  is  already  t<x»  vigorous.  Vogel  has  advised  the 
use  of  strong  cijffee  with  sngar  and  cream  as  a  tonic 
and  food  in  debility  accompanying  the  acute  diseases 
of  children. 

It  is  interesting  to  note  that  among  all  nervous,  ener- 
getic people  the  use  of  some  one  or  other  of  these  stimu- 
lant beverages  is  common,  and  that  "total  abstainers" 
from  alcoliol  seem  instinctively  to  resort  to  tea  or  coffee. 
And  while  it  is  probably  theoretically  true  that  the 
healthy  person  would  better  abstain  entirely  from  the  use 
of  stimulants,  except  in  emergencies  or  at  rare  intervals, 
yet  the  almost  universal  desire  for  and  use  of  them  prob- 
ably indicate  that  under  our  present  high  tension  of 
living  there  is  a  real  physiological  demand  and  need  for 
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thcu  that  perhaps  should  bo  satbfietl  ia  a  measure,  but 
with  moderation  and  judgment. 

Alcohol. — Licbig  says  tliat  "  alcohol  stands  only  second 
to  fut  as  a  respiratory  mat4.Tial,"  but  adds  that  "  the  same 
effect  ctmld  be  produced  in  the  body  by  means  of  sac- 
charine and  farinaceous  articles  of  food  at  one-foiirtl)  or 
one-fifth  tlie  cost."  Fothergill  also  holds  "  that  the  chief 
portion  of  tlie  alcohol  ingested  undei^oes  consumption  in 
the  body,"  but  insists  tlmt  "  the  question  of  '  alcohol  as  a 
food '  can  never  be  separated  or  divorced  from  that  of 
'  alcohol  as  a  stimulant '  or  as  a  force- liberator." 

Much  undue  importance  has  recently  been  given  to 
some  scientific  investigations  that  served  to  establish  the 
fact  that  alcohol  can  be  and  often  is  almost  completely 
oxidized  in  the  body,  and  that  it  produces  therein  prac- 
tically the  sumo  number  of  heat-units  as  when  it  is  con- 
sume<l  outside.  But  the  inference  tliat  it  can  tlierefore 
be  substituted  for  and  used  with  impunity  in  place  of  the 
usual  carbonaceous  foods  is  not  justifiable,  because  the 
powerful  physiok^ical  and  ultimate  pathologicJil  effect 
of  the  alcohol  upon  the  higher  nerve-centres  and  active 
tissues  is  ignored,  because  of  the  liberation  of  the  body's 
latent  force  in  excess  of  tho  enei^  which  the  alcohol  sup- 
plies, and  because  even  the  above-mentioned  investigations 
and  experiments  went  to  show  tliat  there  was  an  actual 
detriment  to  the  nitrogen -bearing  tiaeues  of  the  body  dup- 
1  ing  its  nse. 

Again,  Tjiebig  writes  that  "  the  use  of  spirits  is  not  the 
cause  but  the  effect  of  poverty.  It  is  tlie  cxeoption  to 
the  rule  when  the  well-fed  man  becomes  a  spirit -drinker. 
On  the  other  hand,  when  the  laborer  earns  by  his  work 
less  than  is  required  to  provide  the  amount  of  food  which 
ia  indispensable  in   order  to   restore   fully  his  working 
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power,  an  unyielding,  inesorable  law  or  necessity  compels 
him  to  have  recourse  to  spirits.  He  must  work  ;  but  in 
consequence  of  insufficient  food  a  certain  portion  of  his 
working  power  is  daily  wasting.  Spirits,  by  their  action 
on  the  nerves,  enable  him  to  make  up  the  deficient  power 
at  the  expense  of  bis  body ;  to  consume  to-day  that  quan- 
tity which  naturally  ought  to  have  been  employed  a  day 
later,"  This  may  also  be  the  case  where  there  is  an 
abundance  of  food,  but  where  it  is  improperly  chosen 
for  the  needs  of  the  individual  or  ruinetl  by  bad  cook- 
ing. Education  in  the  principles  of  the  scientific  and 
economical  selection  of  food  and  its  preparation  may 
thus  become  a  means  of  preventing  those  diseases  that 
depend  on  or  are  a^ravated  by  insufficient  or  improper 
fiKwl  and  consequent  alcoholic  excesses.  The  effixrt  of 
alcohol  upon  the  weak  and  savage  races  is  mucli  more 
marked  and  disaRtrous  than  upon  the  civilized  and  strong; 
so  it  harms  the  health  of  the  underfed  and  overworked 
much  more  than  it  does  that  of  the  well-fud  man  of  means 
and  leisure,  and  affects  women  and  children  more  than 
adult  men.  This  latter  point  is  to  be  remembered  in 
practice. 

Remember  also  that,  while  alcohol  is  partially  a  respira- 
tory stimulant,  it  is  a  force-liberator  and  consumes  the 
body-store,  and  unless  given  with  otlier  readily  oxidizablc 
food  the  risk  is  run  of  putting  a  patient  "in  a  grave 
never  dug  by  Nature,"  especially  where  there  is  already 
danger  of  the  [Mitient  sinking  from  exhaustion.  But  it  is 
just  in  these  cases,  when  given  with  other  food,  that  we 
find  alcohol  a  valuable  therapeutic  agent.  Give  it  with 
foods  that  produce  heat  and  fiirce — i.  e.,  some  form  of 
the  soluble  carlmhydratcfl,  as  maltose,  malt-extracts,  milk, 
milk-whey,  or  even  sugar.   Whore  the  assimilative  powera 
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are  weak  it  may  be  advantageous  or  necessary  jwrtially  or 
wholly  to  predige»t  these  foods ;  but  above  all,  remember 
to  replace  wliat  alcohol  takes  from  the  body,  or  physio- 
Ic^ical  bankruptcy  will  ensue.  Note  also  that,  though 
alcohol  may  be  in  one  seose  a  food,  it  is  a  very  costly  one, 
and  that  intoxication  must  occur  long  before  a  man  ooolJ 
get  the  equivalent  of  a.  full  meal. 

Alcohol  is  to  be  used  iu  sickness  practically  to  sustain 
the  vital  powers,  to  meet  emergencies,  and  to  lift  the 
patient  over  obstructions  in  the  road  to  health ;  and  such 
use  requires  a  thorough  knowlctlge  of  its  action  coupled 
with  the  highest  judgment. 

In  malt  liquors  there  is  usually  considerable  maltose, 
thus  combining  with  the  alcohol  a  soluble  carbohydrate 
of  the  highest  value,  and  these  brewed  ales,  etc.,. may 
often  be  used  with  benefit  as  tonics,  esj)ecially  where  con- 
valescence is  protracted.  The  stronger  distilled  liquors 
are  diffusible  cardiac  stimulants,  and  are  especially  valu- 
able in  emergencies,  but  the  continued  use  of  them  must 
only  be  advised  with  great  caution.  Fothergill  gi^'es  two 
excellent  niles  for  the  iLse  of  alcohol  by  the  healthy  : 
"  First,  never  have  alcohol  iu  the  brain  when  it  lins  work 
to  do ;  second,  a  little  alcohol  betwixt  a  man  and  past 
trouble  is  permissible ;  but  it  is  not  well  to  put  a  little 
alcohol  in  front  of  a  coming  trouble."  Murchiaon,  in  hia 
work  on  Feverg,  lays  down  these  rules  for  practice,  which 
it  would  be  well  for  all  to  adopt :  "  What  are  the  con- 
ditions of  the  animal  economy  in  which  alcohol  may  be 
of  positive  use?  That  there  arc  such  conditions,  I  believe 
cannot  bo  denied  by  any  one  who  has  honestly  studied  the 
subject;  but  they  are  not  the  conditions  of  perfect  health. 
It  is  especially  when  the  circulation  is  weak  or  sluggish 
that  a  daily  allowance  of  alcohol  may  do  good.    Thus:  1. 
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Alcohol  is  useful  in  the  course  of  most  acute  diseases 
when  the  organs  of  circulation  begin  to  fail,  as  they  are 
apt  to  do.  A  moderate  quantity  usually  suffices.  The 
lai^c  quantity  still  sometimes  administered  may  do  harm 
by  inducing  congestion  of  internal  organs.  2.  In  oun- 
valescence  from  acute  diseases  or  from  weakening  ail- 
ments, when  the  circulation  remains  feeble  and  the  tem- 
perature is  often  subnormal,  alcohol  is  useful  in  promoting 
the  circulation  and  assisting  the  digestion.  3.  In  persons 
of  advanced  life  the  circulation  is  also  often  feeble,  and 
a  moderate  allowance  of  alcohol  often  appears  to  be  bene- 
ficial. All  other  conditions  of  the  system  marked  by 
weakness  of  the  muscular  wall  of  the  heart,  whether 
permanent  or  transient,  are  usually  bene6ted  by  alcohol." 
Alcohol  is  a  good  servant,  but  a  bad  master.  King 
Chambers  says :  "  Let  alcohol  be  taken  never  as  a  stimu- 
lant or  preparative  for  work,  but  as  a  defence  against 
injury  done  by  work,  whether  of  mind  or  Ixwly.  For 
example,  it  is  best  taken  with  t)ie  evening  meal  or  after 
toil.  Let  the  increase  in  the  desire  for  and  the  power  of 
digesting  food  be  the  guide  and  limit  to  the  consumption 
of  all  alcoholic  liquids.  Let  the  forms  be  such  as  contain 
the  least  projmrtion  of  fusel  oil.  Let  all  with  an  heredi- 
tary tendency  to  hysteria  or  other  functional  diseases  of 
the  nervous  system  refrain  from  its  use  altogether,  even 
though  as  yet  in  good  health." 

BeverageB. — To  comment  individually  upon  the  mul- 
titude of  non-alcoholic  and  n  on -stimulating  beverages 
that  are  now  more  or  less  generally  used,  is  both  imprac- 
ticable and  unnecessary,  nor  will  any  attempt  to  classify 
them  l)e  of  mnch  value.  For  the  most  part  they  serve 
only  to  please  the  palate;  though  if  in  this  way  they 
bring  about  a  greater  ingestion  of  fluids  when  these  are 
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needed,  their  acrvioe  cannot  l>e  considered  a  vain  one. 
For  it  has  already  been  stated  that  an  ample  supply 
of  drinking-water  or  other  fluids  taken  daily  and  habit- 
ually is  essential  to  the  satisfactory  removal  of  the 
various  waste  matters  from  the  body,  and  that  without 
it  the  latter  may  readily  develop  conditions  favoring 
disease. 

Moreover,  it  is  true  that  certain  gases  and  salts  held  in 
solution  in  some  beverages,  such  as  mineral  waters,  in- 
crease this  excretory  action,  and  may  be  highly  beneficial 
in  appropriate  cases ;  but  it  should  be  a  matter  of  caution 
that  where  such  therapeutic  results  are  thought  to  be 
necessary,  competent  medical  advice  should  be  the  guide 
as  to  the  kind  and  quantity  of  the  agents  used.  This 
comment  is  justified  by  the  fact  that  of  late  many  sub- 
stances possessing  decideti  physiological  power  have  been 
advertised  and  sold  in  the  form  of  one  beverage  or 
another  directly  to  the  laity,  who,  being  incompetent  to 
judge  as  to  whotlier  or  not  such  substances  are  actually 
needed  in  their  individual  cases,  may  do  themselves 
much  harm  in  thLs  way. 

Otdy  such  beverages,  then,  as  are  quite  simple  in  their 
nature  or  as  are  advised  by  competent  medical  authority 
.  should  be  used.  If  they  are  artificially  made  and  water 
[is  the  solvent  fluid,  as  it  will  be  in  most  coses,  there 
should  also  be  certainty  that  it  comes  from  a  clean  and 
safe  source,  lest  it  carry  tlie  germs  of  disease.  There  is 
no  doubt  that  frequently  the  cheaper  bottled  drinks  which 
are  disiiensed  so  generally  are  made  from  water  that  has 
been  liable  to  more  or  less  dangerous  [tollution,  and  there 
is  the  additional  risk  that  arises  fn>m  the  imperfect  clcansr- 
ing  of  the  bottles  for  these  liquids  which  have  lieen  re- 
turned to  be  refilled.     A  little  thought  as  to  the  dangers 
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which  do  exist  in  relation  to  this  matter  will  be  coovino- 
ing  as  to  their  gravity. 

Many  of  the  mast  popular  beverages  are  charged  with 
carbon  dioxide  under  compression,  and  the  fact  that  so 
much  of  this  gas  can  be  taken  into  the  system  in  this  way 
without  apparent  harm,  and  its  free  elimioation,  would 
seem  to  be  additional  evidence  that  it  cannot  in  itself  be 
so  very  harmful  in  the  atmosphere,  even  when  in  propor- 
tions considerably  greater  than  the  normal. 

In  conclusion,  it  may  be  said  that  a  free  use  of  all  such 
beverages  as  are  known  to  be  clean,  safe,  and  wholesome 
will  probably  be  found  to  be  entirely  favorable  to  health 
unless  there  be  some  contra! ndicating  reasons  peculiar  to 
the  individual  himself;  and  that  their  suhsititution,  when- 
ever possible,  in  place  of  the  alkaloidal  and  alcoholic 
stimulants  is  to  be  commended  on  hygienic  as  well  as 
other  grounds. 


I 
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The  proper  consideration  of  this  subject  demands  an 
ample  volume  rather  than  the  limits  of  a  single  chapter, 
for  the  ultimat«  aim  of  all  sanitary  work  is  the  preserva- 
tion and  betterment  of  the  health  of  the  individual,  and 
beside,  the  factors  that  affect  the  well-being  of  the  person 
are  so  mnltitndinous  in  their  number  and  in  their  phi 
that  no  brief  discussion  can  comprehend  them  all, 

However,  much  that  pertains  to  personal  hygiene 
that  requires  no  repetition  for  its  application  has  all 
been  given  in  the  preceding  pages ;  so  that  it  is  ho] 
that  if  the  reader  will  exercise  that  virtue  of  commoo- 
sense  and  reflection  that  is  so  e»«scntial  in  this  study,  tfac 
remarks  to  be  added  will  be  helpful  in  :^u^;estion  and  in 
answering  many  questions,  even  though  they  may  not  be 
considered  in  any  way  as  complete  discussions  of  tbe 
respective  themes. 

Each  age  has  its  own  requirements,  and  that  which 
may  be  entirely  satisfactory  or  permissible  at  one  time 
may  not  be  so  at  another.  To  attain  the  best  results  it 
will  often  be  necessary  even  to  antici[)ate  with  prophy- 
liii'tic  measures  the  birth  of  the  child  ;  and  broadly 
K{>eaking,  much  of  the  welfare  of  future  generations  lies 
in  the  care  of  those  now  living. 

One  of  the  gravest  sociologic  problems  of  the  day 
to  how  far  the  State  is  justified  in  restricting  or  preventing 
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the  propagation  of  the  defective  or  degenerate  of  the 
human  race ;  and  though  the  time  may  not  be  rijw  for 
the  law  to  take  positive  action  in  these  matters,  it  ia  the 
duty  of  every  sanitarian  to  use  his  utmost  efforts  to  the 
end  that  only  the  healthy  and  the  normal  may  eontinue. 

The  advances  in  physiologic  and  biologic  strience  in  re- 
cent years  have  done  much  for  all  humanity,  hut  in  no 
respect,  perhaps,  have  they  been  of  more  service  than  in 
determining  the  great  influence  of  environment  and  in  ■ 
establishing  the  fact  that  the  presence  or  absence  of  dis-  | 
ease  is  oftentimes,  if  not  always,  due  as  much  to  the  pre- 
disposing conditions  and  physical  statns  of  the  individual 
as  to  external  and  exciting  causes.  What  may  cause  only 
a  trifling  ill  in  one  may  bring  about  most  serious  evils  in 
another  whose  environment  is  not  so  fortunate. 

Life  ha.s  been  defined  aa  the  power  of  an  oi^niem  to 
adjust  continually  its  int*^mal  conditions  to  its  external 
conditions,  and  as  long  as  this  is  done  satisfactorily  life 
persist*.  The  secret  of  personal  hygiene  and  health,  then, 
must  lie  in  determining  the  relationship  between  the  in-  ^^^H 
ternal  iind  exterual  conditions  of  the  individual's  organism.    ^^^H 

"  Know  thyself"  is  advice  good  for  the  body  as  well     ^^^H 
as  for  the  mind  or  soul,  and  knowledge  of  the  right  kind  ' 

can  do  no  harm.  He  who  knows  his  personal  anil  physi- 
cal nature  and  acts  accordingly  is  well  cquipjwd  to  fight 
against  the  ills  of  life,  and  the  study  of  the  relationship 
above  referred  to  will  help  the  thinking  man  so  to  care 
for  himself  that  iu  all  probability  his  days  will  be  pro- 
longed. 

Bat  a  caution  or  two  must  be  interpolated  here.     It  ia 

I  well  known  that  "  expectant  attention  "  too  persisl^mtly  ^A 

directed  toward  a  certain  organ  may  lead  to  decideil  altera-        ^^^ 
tiona  or  disturbances  in  the  functions  of  that  oi^n  ;  and       ^^H 
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again,  unless  one  well  understands  the  mysteries  of  human 
physiology,  a  little  imperfect  or  insufficient  information 
in  this  respect  may  lead  to  the  assumption  or  pursuit  of 
habits  and  practices  actually  dangerous  to  health.  Too 
much  ill-advised  care  and  attention  may  be  just  as  full 
of  risk  as  too  little,  and  physiological  egotism  without  a 
sound  biisis  may  have  a  bitter  reward. 

What  is  needed  is  that  each  one  should  study  care- 
fully the  phenomena  of  his  daily  life,  should  determine 
accurately  the  purpose  and  reason  of  each  of  the  resj>ec- 
tive  functions,  and  then,  not  forgetting  their  interde- 
pendence UjK)n  one  another  and  that  all  should  work  in 
harmony,  should  endeavor  to  do  that  which  will  bc»st 
facilitate  the  functional  activity  with  the  least  expenditure 
of  energy. 

There  are  a  nunib<»r  of  ways  in  which  the  study  of  j)er- 
sonal  hygiene  may  be  advantageijusly  pursueil,  but  for 
prac^tical  purjx>ses  one  of  the  best  is  to  consider  it  with 
respect  to  the  main  groups  of  orgims  and  functions  of  the 
body,  keeping  always  in  mind,  however,  the  correlation 
of  these,  and  that  no  part  of  the  body  can  be  entirely 
independent  of  the  rost.^  Nevertheless,  the  hygiene  of 
infancy  is  a  study  by  itself,  for  it  is  in  that  epoch  of  life 
that  the  phistic  constitution  can  be  and  is  moulded  most 
readily  by  all  the  influences  of  the  environment,  whether 
i\}V  good  or  evil,  and  it  is  at  that  time  that  salutiiry  efforts 
are  to  be  made  with  most  hope  of  siuicess  and  eventual 
good. 

Moreover,  the  principles  of  personal  hygiene  may  be 

*  This  methixl  1ms  been  followed  in  Pyle's  Manual  of  PereoDal  Hy- 
giene, to  which  the  rejwler  is  referred  for  an  admirable  discussion  of  the 
Kubji'et,  which  must  be  treated  all  too  briefly  he.xv.  The  writer  would 
als(>  recommend  Starr's  Hygiene  of  the  Nursery  to  all  who  desire  specific 
and  authoritative  information  concerning  the  young. 
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more  readily  t&ught  to  and  inculcated  in  the  jouDg,  but 
with  mucli  greater  diffieully  ean  we  affect  the  mature  or 
age<i ;  for  we  are  all  creatures  of  many  habits,  and  id  the 
mature  adult  the  impress  of  tliese  may  resist  to  the  utmost 
any  and  all  endeavors  to  modify  or  remove  them. 

Too  much  stress  cannot  be  laid  upon  the  fact  that  it  is 
the  conatitutiou,  the  nature  of  the  inherent  ti^iic,  that 
controls  or  modifies  the  inception  of  many  of  the  ills  of 
life,  and  that  whether  this  in  its  normal  and  highest  vigor 
be  a  iK-quewt  of  heredity  or  be  attained  only  by  the  most  | 
careful  attention  to  details  in  the  practice  of  the  art  of 
hygiene,  it  should  always  be  looked  U{X)n  as  the  most 
valuable  physical  possession  of  tlic  indi^'idual. 

To  state  ^ain  what  has  already  been  written :  "  The 
c^tuencc  of  sanitation  is  to  secure  perfect  health,  to  increase 
the  inherent  power  to  resist  noxious  and  harmful  influ- 
ences, and  to  make  all  the  surroundings  and  environments 
of  the  body  pure  and  free  from  depressing  factors." 

With  this  preface,  the  following  discussions  are  added 
in  the  hope  that  they  may  lie  of  assistitnce  in  determining 
the  way  of  right  living  and  in  securing  the  welfare  and 
health  of  each  individual. 


L 


Heredity. 

In  the  broadest  sense  heredity  is  a  characteristic  jointly 
possessed  by  two  c^lls,  furnished  by  respective  parents, 
which  join  and  form  a  fused  cell,  winch  carries  on  its 
evolution  under  certain  governing  impressions  indelibly 
stamped  by  the  two  parental  lines  of  descent ;  but,  in  the 
ordinary  use  of  the  term,  it  may  be  defined  as  the  trans- 
mission tn  the  offspring  from  parent  or  ancestor  of  a  trait, 
ty^,  temperament,  characteristic,  or  predisposition  whiob  J 
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iuis  a  governing  or  iofliiencing  effect  upon  the  growth  oe 
n&ture  of  that  oftspring.  This  transmitted  iiupre^ion 
may  be  eitlier  for  good  or  for  evil. 

"  It  shows  an  incorrect  conception  of  the  law  of  hered- 
ity to  look  for  a  return  of  identical  pheuomena  in  each 
new  generation." '  Also,  "  we  do  not  mean  exclusively 
by  heredity  the  very  complaint  of  the  parent  transmitted 
to  the  children,  with  the  identical  symptoms,  botli  phy«- 
cal  and  moral,  observed  in  the  progenitors.  By  the  term 
heredity  we  understand  the  transmission  of  organic  dis- 
positions from  parents  to  children."'  In  true  hereditary 
disease  the  faulty  conditions  must  be  transmitted  in  the 
germ-plagm,  and  not  be  due  simply  to  accidental  factors 
affecting  the  embryo  during  its  fcetal  development. 

Conse(|Uently,  as  hygienists,  we  must  use  the  tnfluenoe 
and  power  that  we  have  to  further  the  transmission  of 
beneficial  or  ele\'ating  characteristics  only,  and  to  prevent 
the  bequest  of  harmful  influences  and  hereditary  diseases 
to  the  generations  to  come.  "  The  germ  of  the  unborn 
infant  must  he  complete  and  untainted  in  all  its  natnr^ 
otherwise  we  cannot  hope  for  a  vigorous  and  perfect' 
growth  or  development." 

As  the  family  is  the  foundation  of  the  State,  and  society 
is  a  congregation  of  men  for  the  purpose  of  acquiring 
greater  power  and  more  comforts  through  mutual  co- 
operation, the  latter,  whether  domestic  or  civil,  has  some 
right  to  make  men  understan'l  that  they  mu.-'t  care  for  the 
health  of  the  generations  to  follow,  and  to  enact  reasonable 
laws  looking  to  the  prevention  or  obliteration  of  (ransmia-- 
Bible  infirmities.  And  history  seems  to  shr 
nation  has  ever  been  destroyed  or  overw 
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people  had  first  negU'ctwl  or  abused  tbe  laws  of  liygieiio, 
heredity,  ami  sociology, 

Maxriage. — Wo  find  that  a  marriwl  couple  have  gener- 
ally, beside  tliemaelvt-s,  the  welfare  of  five  liuoiati  beings 
williin  their  keeping.  To  produee  healthy  children  and 
ones  not  prone  to  disease,  both  parents  should  possess  go<J<l 
constitutions,  and  they  should  lake  great  care  not  to  weaken 
these  by  excesses  of  any  kind,  physical  or  mental,  nor,  as 
far  as  lies  in  their  power,  by  any  chronic  disease.  It  ia 
evident  that  children  of  parents  that  have  been  conscien- 
tious observers  and  followers  of  Nature's  laws  must  have 
a  better  chance  for  liealth  and  superiority  all  their  lives. 

In  this  climate  the  pro[)er  age  for  marriage  is  conad- 
ered  to  be  about  twenty-four  or  twenty-five  for  the  man, 
and  nineteen  or  twenty  fi>r  the  woman,  though  this  must 
vary  with  the  state  of  development  of  the  parties  con- 
cerned. Some  of  both  sexes  mature  at  a  considerably 
earlier  period  than  do  others,  and  it  would  be  unjust  to 
say  that  they  were  not  fit  for  the  duties  of  marriage  till 
they  reached  the  age  of  slower-growing  ones.  Usually, 
however,  before  the  ages  given  development  is  not  com- 
plete and  the  whole  organism  is  in  a  transition  state. 
We  know  that  the  use  of  any  organ  before  it  has  attained 
its  complete  growth  or  development  is  very  apt  to  cause 
exhaustion,  or  perhaps  premature  degeneration  of  that 
orgjin,  and  we  cannot  but  Imlieve  that  children  developcil 
in  immature  sexual  organs  must  be  deficient  in  vital 
fiirt^e  and  enei^.  It  is  often  noticeable  that  a  child 
apparently  strong  and  vigorous  may  have  hut  little  power 
to  resist  disease  or  may  even  be  stningly  predisi>ose<l  to 
Borae  infirmity ;  in  such  cases  there  will  likely  be 
defect  or  taint  in  the  parent  stock. 

Distinguishing  characteristics   are   more   likely  to 
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tramsniitteal  in  tlie  eu\j  oaantA  liie  of  parents,  because 
their  organs  ami  forces  are  tboD  more  vigorous ;  but  if  a 
ODUpIe  many  wliui  qaite  vuud^  and  before  tbeir  own  or- 
gans are  fuUr  (teveioped,  tbcir  eltkr  children  mar  be  more 
ikficient,  mentally  and  pbydcallv,  than  their  later  ones. 

I^te  marriages  are  not  likely  to  be  eo  fraitfiil  as  earlier 
ones,  possibly  owing  to  the  increasetl  diffieultv  of  parturi- 
tion on  the  part  of  the  mother  and  her  consequent  uawjll- 
iugncss  to  undergo  the  ordeal  mure  than  a  few  times. 
Hut  healthy  middle~age<l  persons,  who  have  married  late, 
may  have  even  healthier  children  than  those  who  have 
married  too  early. 

features,  constitution,  sense-organs,  shape  of  head, 
etc,  the  child  is  most  apt  to  resemble  the  father ;  while 
it  will  likely  follow  the  mother  in  the  shape  of  the  trunk 
and  in  the  formation  of  internal  organs.  The  character 
and  mental  tjaalities  of  the  child  may  o.-me  fmm  either 
[larent  or  from  Inth.  Maternal  inipre^ons  during  preg- 
nancy uiidouhte<ily  often  have  a  marked  effect  upon  the 
tning  infant. 

So  alao  do  maternal  toxiemias  or  other  depraved  con- 

BtionH  of  the  mother's  system,  though  occasiniially  such 

1  do  not  apjiarently  have  such  a  marked  effect 

t  we  would  anticipate.     There  may  even  be  actual  and 

3iract  infection   of  the  child  through  the  placenta.     In 

I  &ct,  "intrauterine   infectious   and   modification  a   of  the 

I  fetus  are  more  frequent  and  more  important  than  condi- 

[  tioiis  of  true  inheritan<«  of  disease." ' 

Inherited  and  Congenital  Diseases, — Hereditary  in- 

■iilly    Imnsniided    directly    ftom   parent 
to  I'hiM,  but  we  ooca-^  ion  ally  find  a  cessation  of  a  trait  or 
preiliHjHJMition  for  one  or  more  generations  and  th^i  a 
>  HcFuUiid. 
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rwtirrenco.  To  such  a  i>cculittrity  we  give  the  term 
ittavixm.  "  A  family  history  of  less  than  four  generations 
has  only  a  limited  value." 

A  disease  may  be  truly  congenital — that  is,  existing  at 
hirth  and  transmitted  directly  from  parent  to  oSspring — 
as  syphilis^,  scrofula,  etc. ;  or  there  may  lie  only  an  inher- 
iled  predisposition  to  tlie  disease,  as  toward  tuberculosis,  etc 
Physicians  have  thus  a  twofold  duty :  first,  to  do  all  they^ 
can  to  guard  against  the  transmission  of  such  diseases; 
second,  to  combat  the  disease  or  any  tendency  to  it  as 
soon  as  the  first  symptoms  thereof  are  discovered  or  it  is 
suspected  in  the  child.  The  first  duty  can  be  accomplished, 
theoretically,  by  preventing  generation  and  production 
on  the  part  of  those  unfit  to  produce  litallhy  offspring, 
and  practically,  within  certain  limits,  by  fighting  the 
causes  and  their  effects  in  the  parent  individual,  especially 
at  the  ages  or  times  when  these  have  the  greatest  force  or 
are  most  apt  to  manifest  themselves.  For  the  second,  the 
child  must  be  immediately  placed  in  the  most  &vonible 
hy^eoic  surroundings,  and  everything  possible  done  to 
prevent  the  further  development  of  the  disease  or  predis- 
position. In  many  cases  such  early  interference  will 
accomplish  much  good,  and  the  disease  may  be  averted 
entirely.  Pjipecially  is  this  true  of  those  inheriting  the 
tuI>erculons  diathesis. 

Too  often  the  child  of  a  tuberculous  parent  is  exposed 
after  birth  to  the  same  conditions  that  served  to  develop 
the  disease  in  the  parent,  and  its  inhente<I  predisposition 
to  the  malady  is  intensified  by  the  environment  of  a  damp 
and  nndrained  siiil,  a  dark  and  unventilated  house,  etc., 
and  by  insufficient  or  improper  food  until  infection 
all  too  easily  acquired,  and  the  child  that  might  have 
been  saved   becomes  an  early  victim  of  the  ignorance, 
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carelessness,  or  n^lect  uf  thotie  who  should  have  fostered 
it  with  extremest  care  and  Bolicitude.  On  the  other  hand, 
ihe  apparently  complete  eradication  of  the  transmitted 
predisposition  from  many  chihlrcti  whose  iiiheritaacc  has 
been  as  bad,  but  who  were  promptly  removed  from  the 
nusanitary  cnvironnient  of  their  birth,  shows  how  much 
lliis  one  influence  may  work  for  good. 

The  most  important  uf  the  hereditary  or  transmissible 
diseases  are  sypliilis,  tuberculosis,  scrofula,  cancer,  gout, 
hysteria,  epilepsy,  certain  physical  deformities,  certain 
skin  diseases,  insanity,  and  criminal  tendencies  of  various 
kinds.  But  do  not  forget  that  what  may  appear  to  be 
a  direct  and  actual  inheritance  of  a  disease  may  only  be 
the  prudnction  of  the  disease  in  that  person  by  the  same 
agents,  environmental,  and  morbid  conditions  as  eansed  or 
favored  the  disease  in  the  parent.  However,  even  here 
there  is  very  possibly  a  transmitted  predisposition  to  the 
acquirement  of  the  disease,  rendering  it  all  the  more  easy 
for  it  to  manifest  its  symptoms  upon  slight  provocation. 
Therefore,  there  should  be  no  marriage  between  persona 
inheriting  predLspositi<ms  to  the  same  disease,  es{)eeially 
if  they  be  relatives,  and  "a  [wrson  affected  with  heredi- 
k  tary  or  well-marked  constitutional  syphilis,  or  having  a 
strong  consumptive  taint,  or  tendency  to  mental  tinsound- 
j^fiesa,  should  not  marry  at  all." 

Defective  eyesight  is  very  apt  to  be  transmitted  to 
children,  and  the  latter  should  be  carefully  examined  and, 
if  necessary,  fitted  with  pro]»er  glasses  before  being  placed 
at  school  or  at  any  work  requiring  much  use  of  the  eves. 

Infirmities  which  do  not  prevent  marriage  from  being 
flilly  accomplished,  or  which  do  not  tend  to  the  degenera- 
lion  of  the  offspring,  are  not  good  reasons  alone  for  for- 
bidding marriage,  but  all  that  have  such  a  tendency  are. 
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A  man  should  not  uiurry  a  woman  too  far  advanced  in 
life,  nor  one  that  is  very  feeble,  delicate,  or  deformed, 
especially  as  to  the  chest  or  pelvis.  Hysteria,  convul- 
sions, and  epile]>sy  due  to  organic  disease  should  prevent 
a  woman  from  marrying,  though  some  extremely  nervous 
and  hysterical  women  are  much  benefited  by  marriage 
and  have  healthy  children.  So  vnl\\  many  women  who 
have  uterine  congestions  and  displacements  before  mar- 
riage. 

Evidence  seems  to  indicate  that  marriage  between  rela- 
tives is  reprehensible,  and  tliat  the  danger  increases  with 
the  nearness  of  the  relationship,  since  the  cliil<Iren  of  such 
marriages  are  prone  to  disea^  and  to  defects  in  the  sense- 
organs,  es]>ecially  the  eye  and  ear,  or  in  mental  qualities. 
But  upon  closer  investigation  it  is  probably  more  nearly 
true  that  "  the  objection  to  consanguineous  marriages  lies 
not  in  the  bare  fact  of  the  relationship  (of  the  parties  con- 
cerned}, but  in  the  fear  of  their  having  similar  vitiations 
of  constitution."  Few  families  or  persons  are  absolutely 
healthy  or  free  from  taint,  and  "  it  may  safely  be  asserted 
tliat  when  both  parents  arc  possessed  of  a  physiologic  or 
pathologic  congenital  characteristic,  that  characteristic  is 
almost  certain  to  be  repeated  in  an  aggravated  form  in  the 
offspring." '  We  can,  accordingly,  easily  understand  that 
"in  consanguineous  marriages  the  real  danger  is  in  the 
strong  probability  that  both  parents  have  some  distinct 
taint  of  degeneration,  which  is  liable  to  be  increased  in 
their  children,  but  which  might  possibly  disappear  if  each 
married  a  person  not  Ijearing  the  same  or  some  closely 
allied  character.  The  marriage  of  two  individuals  of  the 
phthisical  type,  whose  families  were  strangers  to  each 
other,  would  be  as  productive  of  evil  as  the  marriage  of 

<  Lawrence  Irwell,  PliilBdelphia  Medical  JoDrn&l,  Jul;  21,  IBOO. 
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first  cousins  who  were  plithisically  inclined." '  However, 
any  advice  on  the  subject  uiust  depend  ujwn  Ute  si)ecial 
circnnistances  in  each  case,  but  chiefty  on  the  he^illli  and 
degree  of  relationship  between  the  parties. 

Exercise. 

Exercise  is  generally  considered  to  mean  simply  the 
action  of  the  voluntaiy  ojuscles,  but  it  has  a  wider  mean- 
ing thau  this.  Every  oi^n  in  the  body  is  capable  of 
being  exercised  in  some  way  or  other ;  and  if  not  prop- 
erly exercised,  an  abnormal  state  is  almost  certain  to 
ensue.  "  Life  is  ot^ni/^tion  in  action."  Each  oi^n  has 
its  own  si>ecial  stimulus,  and  if  this  be  normal  in  amount 
and  character,  we  should  have  health.  Also,  the  trained 
use  of  an  organ  makes  it  more  effective  in  the  perlbrniance 
of  its  functions.  But  deficiency  in  exercise  favors  a  lack 
of  nutrition,  wasting  in  size,  and  eventually  degeneration 
of  tissue ;  while,  on  the  other  hand,  too  much  work  may 
favor  hypertrophy  and  tissue  degeneration. 

Proper  miiscnlar  exercise  is  highly  lienefieial  to  health, 
and  in  the  end  actually  necessary  to  the  projier  perform- 
ance of  functions  in  other  organs;  it  is  consistent  with 
and  neecssary  to  health.  But,  to  be  of  value,  the  exercise 
must  not  only  be  regular,  but  must  also  consist  of  move- 
ments of  siiflScient  force  to  necessitate  enei^tic  contraction 
of  the  muscles ;  we  must  do  work.  This  necessitates  resist- 
ance as  an  element,  and  we  may  define  physical  exercise 
as  voluniary  labor.  We  need  the  resistance  to  obtain  the 
proper  contraction  of  the  muscles,  the  contraction  for 
their  disintegraUon,  the  disintegration  for  their  renewal, 
etc. ;  for  we  know  that  upon  the  constant  destruction 
and  disiiitt^ration  of  tissues  depends  their  subsequent 
Unroucc  Irwell,  Philidelpliia  WediaiX  Journal.  Jul;  23,  1900. 
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reni)vation,  and  that  the  strength  and  vigor  of  all  p£ 
of  the  body  and  of  the  whole  di'[»eud  upou  its  nttmiene. 

Beside  the  fact  that  proper  physical  exercise  makes  tlie 
voluntary  muscles  lai^er,  harder,  stronger,  and  more 
quickly  responsive  to  the  will,  and  that  it  increases  the 
functional  capat;ity  of  the  involuntary  muscles  employed, 
it  largely  promotes  health  and  strength  by  quickening  the 
circalation  and  increasing  the  respiratory  powers.  Dur- 
ing muscular  action  (contraction)  there  is  a  conversion  of 
potential  energy  into  motion,  a  call  for  more  food,  an  in- 
creased demand  for  and  consumption  of  oxygen,  and  an 
increased  production  of  and  elimination  of  carbon  dioxide 
and  other  waste  matters. 

This  increased  demand  for  oxygen  and  elimination  of 
carbon  dioxide  necessitate  increased  action  of  the  respira- 
tory oi^ns — the  lungs,  and  this  is  one  of  the  great^t 
advantages  of  physical  exercise.  The  respirations  are  in- 
creased in  frequency  and  depth,  tlie  lungs  expanded,  the 
air  vessels  fiushed  out  and  refilled  with  each  inspiration. 
Doubtless  many  cases  of  pulmonary  tuberculosis  could  be 
preventeil  or  cured  if  only  people  could  be  taught  to  take 
sufficient  and  suitable  exercise  and  to  brcatlie  properly,  for 
we  rarely  find  the  lungs  fully  expanded  except  in  the  out- 
door worker  or  athlete.  Consequently,  the  movements  of 
any  given  exercise  should  be  with  epeetl  and  force  sufficient 
to  quicken  and  deepen  the  respiration ;  and,  conversely, 
if  any  severe  exercise  is  to  be  undertaken  or  a  course  of 
training  begun,  special  care  must  be  had  to  develop  the 
lung  capacity, 

A  man  walking  at  the  rate  of  four  miles  per  hour  in- 
spires five  times  as  much  air  as  when  reclining  at  rest, 
which  latter  amount  is,  for  an  adult,  about  480  cubic 
inches  per  minute.     Or,  as  Pettenkofer  has  shown,  a  man 
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on  a  day  of  rest  absorbs  25  ounces  of  oxygfn  and  thro' 
ofiF  32  ounces  of  carbon  dioxide  and  29  ounces  of  water; 
on  a  day  of  work   be  absorbs  ^3.6  ounces  of  oxygen  and 
throws  off  45  ounces  of  carbon  dioxide  and  72  ouuces  of 
water.     lu  otber  words,  the  eliraluation  of  carbon 
work-day  is  more  than  three-fourtlis  of  a  pound. 

Muscular  exercise  ia  necessary,  therefore,  for  tlie  pro] 
elimination  of  waste  carbon  from  the  Iwdy,  and,  as  the 
action  of  the  muscles  is  checked  and  lesseucd  if  the 
carbou  dioxide  produced  by  their  action  is  not  immediately 
carried  ofi'  by  the  blood  and  eliminated  by  the  lungs,  it 
follows  that  during  exercise  there  should  be  nothing  to 
impede  the  circulation  or  the  action  of  the  cheat  and 
lungs,  and  that  all  tightness  of  clotJiing,  especially  about 
tile  waist,  neck,  and  chest,  should  be  avoided.  Moreover, 
inasmuch  as  the  amount  of  carbon  dioxide  and  other 
wast*  matters  eliminated  is  so  ver>-  much  increased  during 
exercise,  a  much  larger  amount  of  pure  air  la  needed,  and 
all  rooms  nnd  buildings  wherein  exercise  is  to  be  taken 
should  be  well  ventilated. 

After  exercise  an  increased  amount  of  carlmnaoeous 
food  and  of  water  must  be  supplied  to  replenish  the  sys- 
tem for  what  has  been  eliminated.  The  increase  of  carbon 
food  is  probably  best  given  in  the  form  of  fat  ralher  than 
of  the  carbohydrates,  though  there  is  some  difference  of 
opinion  on  this  point ;  and  of  all  fluids,  water  is  doubt- 
li'ss  the  best  in  ordinary  cases  for  training.  As  a  general 
rule,  alcohol  is  harmful,  1x-cause  it  benumbs  and  deadens 
the  nerves  and  will,  and  because,  as  every  volnntarj-  im- 
pulse must  originate  in  the  hrain,  anHhing  that  interferes 
with  the  communication  lietween  it  and  the  muscles  must 
lessen  the  promptness  wilh  which  they  res|Kind  and  the 

msequent  efficacy  of  their  work.     The  use  of  a  small 


IBT.     281     ^B 


EFFECT  OF  EXERCISE  UPON  THE  HEART.     281 

quantity  of  malt  liquor,  however,  as  a  tonic  or  after  the 
exercise  is  Boished  may  not  be  harmful,  but  the  decision 
as  to  its  Deed  or  use  sliould  l>e  left  to  the  physician  or 
trainer  rather  than  to  the  one  taking  the  exercise- 
By  exerci&e  the  action  of  the  heart  is  increased  in  force 
and  frequency,  the  pulse  is  made  full  and  strong,  if  the 
work  be  not  loo  excessive  or  sudden,  and  the  flow  of 
blood  and  other  fluids  is  increased  throughout  the  whole 
body.  As  long  as  the  heart  is  not  overtaxed  the  pulse- 
beats  are  regular  and  even,  though  suddenly  increased 
exertion  may  make  the  rate  very  rapid.  Ordinarily  exer- 
cise increases  the  rate  from  ten  to  thirty  lieats  per  minute. 
Excessive  exercise  leads  to  ])jdpitation  and  hypertn>phy 
of  the  heart  {one  reason  why  any  extensive  training 
should  be  under  a  competent  trainer) ;  but,  on  the  other 
hand,  deficient  exercise  leads  to  a  weakening  of  the  heart 
muscle  and  heart  action,  and  probably  to  dilatation  and 
fatty  d^eneration.  If  at  tlie  beginning  of  a  new  exercise 
the  heart  action  becomes  irregular,  rest  should  be  taken, 
and  the  exercise  then  begun  in  a  more  moderate  and 
gradual  way.  Tlie  heart  stimulus  is  largely  due  to  the 
increased  amount  of  blood  in  its  cavities,  but  it  sliould  be 
remembered  tliat  the  venous  circulation  is  chiefly  due  to 
the  muscles.  "  Every  muscle  is  a  little  heart,"  and  these, 
by  their  contraction,  constantly  tend  to  drive  the  blood 
onward  to  the  tme  heart  and  lungs. 

Exercise  greatly  increases  tlie  amotmt  of  perspiration 
from  the  skin,  this  perspiration  containing  water,  salt, 
and  considerable  waste  matter.  The  evaporation  of  the 
water  tends  to  keep  the  body  cool,  but  on  account  of  the 
great  heat-production  there  is  not  much  danger  of  chilling 
the  body  during  exercise.  As  soon  as  work  is  stopped 
heat-production  is  checked,  the   body  cools  off  rapidly, 
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anJ  then  there  is  danger  of  chilling  unless  more  elotlnng 
be  adileii.  Flannel  is  best  iyr  this  purjwse  because  it  is  3 
non-conductor  of  heat  and  hygroscopic  and  so  prevents  too 
rapid  cooling  of  the  body.  Keep  the  skin  clean  so  thjit 
the  sweat-glands  may  be  unobstructed  in  the  performance 
-  of  their  functions. 

Exercise  increases  the  appetite,  partly  because  of  the 
increased  demand  of  the  muscles  for  food,  and  partly  on 
account  of  the  increased  circulation  of  the  blood  through 
the  vessels  of  the  alimentary  tract  and  the  liver,  this 
causing  a  more  perfect  digestion  of  food. 

If  exercise  be  taken  too  soon  before  meals,  either  the 

stomach,  by  calling  the  blood  from  the  exhausted  muscles, 

will  prevent  their  proper  repair  and  rest ;  or  the  muscles, 

culling   the   blood   from   the   stomach,  will   prevent  the 

pro|>er  formation  of  the  gastric  juice  when  fowl  is  iutrrv- 

duced.     If  exercise  be  taken  too  soon  after  eating,  it  is 

apt  tt»  prevent  the  flow  of  bl(x>d  to  the  organs  of  digestion 

and  the  formation  of  the  digestive  juices;  or,  by  forcing 

the  contents  of  the   stomach  into  the   intestines  liefore 

Igastric  digestion  is  completed  and  before  the  food  has 

vreached  a  condition  in  which  the  intestines  can  make  use 

'  of  it,  to  cause  intestinal  irritation  and  indigestion. 

Proper  physical  exercise  favors  a  symmetrical  brain 
development,  for  it  not  only  sends  more  blood  containing 
food  and  oxygen  to  this  oipin,  but  exercise  of  the  func- 
tions of  the  centrts  governing  the  action  of  the  muscles 
must  also  favor  the  growth  and  development  of  those 
centres.  "  Hand  culture,  apart  from  its  value  per  ««■, 
is  a  means  townnl  more  perfect  brain  culture,"  and  exer- 
cise by  itself  alone  ia  truly  educational,  although  this 
feature  of  it  may  be  more  fully  ileveloperl  and  empha- 
Bized  by  proper  systems  and  methods.     The  great  trouble 
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is  tliat  it  is  extremely  liable  to  !«  mifyipplied, 
stotKl,  or  neglected. 

The  aim  of  troiaing  should  be  to  increase  the  capacity 
of  the  lungs  and  the  breathing  power,  to  strengthen  the 
heart  and  the  circulation,  to  invigorate  the  brain  and 
nerve-centres,  to  improve  digestion  and  nutrition,  to 
make  the  muscles  more  iiowerful,  more  responsive  to  the 
will  and  their  capacity  for  endnrance  greater,  and  to 
lessen  the  amount  of  adipose  tissue.  Systematic  exercise 
also  helps  one  to  resist  disease,  because  by  it  waste  mat- 
ters are  carried  off;  pores,  glands,  and  organs  are  kept  at 
wr>rk  and  healthy,  and  active  tissues  take  the  place  of 
weak  and  slu^ish  ones. 

Fatigne  is  due  to  lack  of  contractile  material  in  the 
mnsck«  to  continue  work,  to  the  exhaustion  of  nerve-force 
and  motor  impulses  from  the  brain,  and  to  accumulation 
of  waste  products,  possibly  Icucomalns,  in  the  raiLscle. 

Active  exercise  is  that  brought  about  by  one's  own 
movements ;  passive,  that  produced  by  something  out- 
side or  collateral  to  one's  own  power. 

It  is  hard  to  determine  how  much  exercise  any  given 
pereon  ought  to  take,  as  the  personal  equation  varies  so 
much.  The  average  liealthy  man  should  probably  do 
work  equivalent  to  150  font-tons  daily.  The  work  of 
walking  on  a  level  at  the  rate  of  three  miles  pcT  hour  Is 
.said  to  be  equal  to  that  of  raising  one-twentieth  of  the 
body-weight  throuj^h  the  distant*  walked.  According  to 
this,  a  man  of  1.50  pounds  in  walking  one  mile  docs  work 
equal  to  17. fi?  foot-tons,  and  his  total  daily  phy.sieal  labor 
should  be  equivalent  to  walking  about  nine  mile»  at  the 
above  rate  to  get  the  proper  amount  of  daily  exercise. 
This  seems  like  an  excessive  amount,  but  if  the  actual 
phydcal    work   of   one's    customary   vocation   be  takeo, 
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from  this,  it  will  not  leave  so  very  tuuch  for  the  da 
bealth-Iask ;  and  while  the  natural  disinclination 
many  to  exercise  grows  stronger  by  indulgence,  and  while 
urgent  reminders  are  wanting  and  the  evils  arising  from 
the  neglect,  abnse,  or  misuse  of  exercise  an-  not  so  very 
immediate  or  apparent,  the  latter  are  still  certain  to  result| 
and  are  not  at  all  consistent  with  good  and  perfect  lieultl 

Batliing'. 
In  health  we  make  use  of  baths  and  bathing  for 
cleansing  of  the  body,  the  stimulating  of  the  functions  of" 
the  skin,  and  as  a  tonic  to  the  whole  system.  A  suitable 
bath  properly  taken  is  exhilarating  and  tlioroughly  enjoy- 
able. Baths  are  also  to  l>e  employed  in  sickness  aa  fti 
means  of  cure,  but  such  use  of  them  is  foreign  to 
present  discussion. 

H.  C.  Wood  says :  "  Cleanliness  and  the  maintenance 

of  the  proper  condition  of  the  skin  require  the  nse  of  the 

bath  at  least  twice  a  week.    la  some  very  delicate  persons 

the  general  bath  produces  marked  depression,  but  this  can 

almost  always  be  avoided  by  the  use  of  very  hot  water. 

L  If  the  hot  or  warm  balli  be  employed  habitually,  it  should 

\  be  preferably  taken  at  night,  and,  unless  under  very  ex- 

Iceptional  circumstances,  the  hot  bath  should  always  be 

I  Jbllowed  by  cold  sponging  or  the  cold  shower-bath,  or  by 

t  plunge  into  cold  water."     The  temperature  of  a  cold 

bath  may  he  from  40°  to  75°  F. ;  a  tepid  bath,  75°  to 

'  F. ;  a  warm  one,  85°  to  100°  F. ;  a  hot  one,  from 

100°  to  110°  F.     A  cold  bath  is  taken  not  so  much  for 

its  cleansing  as  for  its  tonic  and  stimulating  effects ;  Hie 

others   arc   used   mainly  for   their   cleansing  propertieB, 

I  though  if  followed  by  the  cold  sponge,  shower,  or  dip,  the 

L  sense  of  exhilaration  produced  will  be  marked. 
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Cold  batlis  taken  itnmwliatciy  aHer  pliytiical  exercise 
wliile  the  bcxJy  is  still  warm,  but  after  jierspiration  has 
ceased,  and  followed  by  a  good  rubbing  and  friction  of 
the  skin,  dispel  fatigue  and  give  a  sen^e  of  bnoyancy  and 
lightness.  The  shuck  of  the  first  contact  of  the  water 
with  the  skin  is  but  momi'ntary,  and  can  be  withi^toiwl 
by  most  ]>erson8  unless  there  be  serious  organic  disease; 
and  the  reaction  producal  certainly  compensates  for  the 
primary  discomfort.  If  the  bath  be  taken  in  the  open 
air,  there  is  the  additional  benefit  of  a  plentiful  supply 
of  fresh  air  for  the  Inngs,  of  the  physical  exercise  and  the 
increased  circulation  induced  by  swimming  or  combating 
the  surf,  and,  if  in  the  sea,  of  the  stimulation  of  the  akin 
by  the  salt  water.  In  fact,  sea-bathing  may  l>e  advan- 
tageous to  a  marked  degree  where  the  circulation  and 
action  of  the  skin  are  sluggish. 

Those  who  are  subject  to  oi^nic  heart  disease  should 
not  indulge  in  sea-bathing  nor  in  deep  fresh-water  bath- 
ing where  a  sudden  tas  may  be  made  upon  the  strength 

i  the  heart  action  be  disturbed  or  checked.  Women 
who  are  menstruating  <ir  who  are  in  the  later  months  of 
pregnancy  should  not  take  cold  baths. 

Baths  should  not  be  taken  too  soon  after  meals,  because 
digestion  may  be  lesseiied  or  entirely  stopjied  by  the  blood 
Iieing  called  from  the  stomach  to  the  skin  and  muscles, 
and  nausea  and  vomiting  thus  induced.  "There  can  be 
no  doubt  that  many  of  the  cases  that  are  calle<l  '  cramps,' 
and  which  frequently  result  in  drowning,  arc  due  to  this 
cause."'  In  cold  baths  the  head  should  be  immersed 
first,  "to  avoid  increasing  the  blood-pressure  in  the  brain 
too  greatly,  which  might  result  if  the  body  were  gradually 
immersed  from  the  feet  upward."' 

<  Babe's  Toit-book  on  Hygiene. 
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Tile  following  rules,  issued  by  tbe  Kngllsli  Royal 
Hiitnane  Society,  are  worth  noting :  "  Avoid  bathing 
within  two  hours  after  a  meal,  or  when  exhausted  by 
fatigue,  or  wheu  the  hotly  is  cooling  ailer  perspiration. 
Avoid  bathing  a!t*^ther  in  the  open  air,  if,  after  having 
been  a  nhort  time  in  the  water,  there  is  a  sense  of  chtlli- 
□esa,  with  numbness  of  the  hands  and  feet;  but  bathe 
when  the  body  is  warm,  provided  no  time  is  lost  in  get- 
ting into  the  water.  Avoid  chilling  tbe  body  by  sitting 
or  standing  undressed  on  the  banks  or  in  boats  after  hav- 
ing been  in  the  water.  Avoid  remaining  too  long  in  the 
water,  but  leave  the  water  immediately  if  there  is  the 
slightest  feeling  of  chilliness.  The  vigorous  and  strong 
may  bathe  early  in  the  morning  ou  an  empty  stomach ; 
the  young  and  those  who  are  weak  had  better  bathe  two 
or  three  hours  after  breakfast.  Those  who  are  subject  to 
giddiness  or  fainting,  or  who  suffer  from  palpitation  or 
other  sense  of  discomfort  of  the  heart,  should  not  batbe 
(out-of-doors)  without  first  consulting  their  phyfiieian.*" 

After  any  kind  of  a  hath  the  body  should  be  thor- 
oughly dried,  not  only  to  restore  and  ac(«lerate  the  cnr- 
i  cututioii   of   the   skin   by   the   friction    and   to   prevent 
aling  by  the  evaporation  of  the  water,  but  also  to  pre- 
nt  chafing  and  eczematous  eruptions  where  the  skin  is 
lubject  to  the  friction  of  clothing.     Warm  or  hot  baths 
i^ould  not  lie  taken  if  the  person  is  to  be  exposed  to  the 
sold  within  several   hours,  and  the  same  rule  applies  to 
[Turkish,  Russian,  or  vapor  baths ;  so  the  fiiniier  had  best 
!  taken  in  the  evening,  and  the  latter  should  not  be 
ken  away  from  home,  especially  in  cold  weather,  tinlen 
e  bather  rests  for  a  time  after  the  bath,  and  then  wiapa 
p  well  before  going  into  the  open  air, 

'  Soo  aliio  Sea  Aic  aud  Sea  Bathing,  b;  Jobn  H.  Packard. 


TURKLSn   n.lTUS. 

In  all  warm  batlis  in  health  the  prlnciiMiI  object  ia  to 
secure  the  cleansing  effeotSj  and  to  be  effective  their  use 
must  be  Hystejuatie.  The  pores  of  the  skin  are  self- 
cWnaing  only  to  a  certain  degree,  and  the  free  use  of 
warm  water  is  most  beneficial  in  removing  dry  epithelium, 
sweat,  dirt,  and  grease.  If  the  pores  of  the  skin  are  ol> 
structed,  there  are  not  only  irritation  and  eruptions  of  the 
akin  produced,  but  more  work  13  thrown  upon  the  kid- 
neys, and  these,  if  unsound,  wiU  break  down  the  quicker. 
Soil  water  is  to  be  preferred  for  ordinary  Imtlniig  and 
washing,  because  it  oflen  prevents  or  lessens  cutaneous 
irritation,  and  because  it  saves  soap. 

A  Turkish  hath  consists:  1.  Of  a  dry,  hot-air  bath 
at  a  tcmpeniture  of  from  120°  to  170°  F.,  or  even  higher, 
for  from  ten  to  thirty  minutes,  which  causes  in  most  per- 
sons profuse  perspiration  with  no  sense  of  discomfort, 
but  rather  a  pleasant  sensation.  Afler  this  come:  2.  A 
hot  shower-bath  to  wash  off  the  sweat.  3.  Shampooing, 
massage,  and  scrubbing  to  remove  thoroughly  all  dirt, 
loose  epithelium,  and  perspiration  from  the  skin.  These 
take  place  in  moist  air  at  from  100°  to  110°  F.  4.  A 
warm  shower-bath  gradually  changing  to  a  cold  one,  and 
then  a  thonmgh  drying  of  tlie  body  and  a  reat  for  a  quarter 
or  half  an  hour.  A  Russian  bath  differs  from  this  only  in 
that  moist  air  at  150°  F.  or  under  is  used  instead  of  dry 
air  for  the  first  bath. 

It  has  been  said  "  that  a  person  ought  never  to  stay  in 
either  the  hotr-air  or  steam-room  if  in  any  wise  oppressed, 
or  to  use  very  cold  water  afterward  if  one  feels  any 
shrinking  from  it."  Nor  should  one  who  is  very  corpu- 
lent or  who  has  organic  heart  disease  take  a  Turkish  or 
Russian  bath  without  the  advice  of  a  physician.  But  for 
healthy  persons  they  are  quite  pleasant  and  in  most  cases 


Ixeiieficial,  pnjvid«i  they  arc  uot  taken  too  ufleii  and  that 
one  does  not  indulge  iti  tlieui  too  long'  nt  a  time. 

The  terms  sun-lKitliw,  mud-bathfi,  sind-batha,  mid  itiuc- 
tieedle  baths  are  self-explanatory.  These  are  used  in 
treating  c?ertain  diseases,  and  are  supposed  to  be  espe- 
cially beneficial  in  rLeiitiiatic  afi'eclionB.  ,^B 

Clothing.  ^ 

There  is  scai-cely  anything  that  can  be  said  on  this 
subject  with  which  almost  every  one  of  onhuarj'  intelli- 
gence is  not  in  some  respecta  conversant.  According  to 
Poore,  tlie  mala  objects  to  be  sought  in  elothiiig  the  Ixxly 
are:  "  1.  To  maintain  the  temperature  and,  by  preventing 
the  loss  of  animal  heat,  to  diminish  to  some  extent  tlie 
demands  for  food.  2.  To  allow  the  chief  heat-r^ulating 
meebanisni — i.  e.,  the  evaporation  from  the  skin — to  prti- 
ceed  with  as  little  hindrance  as  possible.  3.  To  allow  all 
muscular  acts  the  greatest  possible  freedom,  and  to  avoid 
the  compression  of  the  body  in  so  far  as  may  be  possible. 

4.  To  protect  the  Ixidy  from  heat,  wild,  wind,  and  rain. 

5,  To  disguise  as  little  as  may  be  the  nnturnl  beauties  of 
the  human  figure.'" 

The  substances  from  which  articles  of  clothing  are  usu- 
ally manufactured  are  wool,  silk,  cotton,  linen,  leather, 
and  fum,  although  almost  everything  that  can  possibly 
J  fashioned  to  suit  the  nee<Is  or  fancies  of  the  wearer  is 
» or  has  been  utilized  for  the  purpose.    Goods  of  all  manner 
and  kind  are  woven  from  the  first  foiu*  snbstanees  men- 
tioned, either  singly  or  in  combination  one  with  another, 
and  ft'Ita  are  made  from  wool,  liair,  or  fur,  these  latter 
being  made,  not  by  weaving,  but  by  an  interlacing  t 
matting  together  of  the  fibres  by  pressure  and  r 
'  StcveuMti  ftnd  Murphy,  Treatiae  on  Hygiec 
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Wool. — lu  a  general  seuse  wool  is  probably  the  most 
valuable  ol'  clothing  materials,  sinev  in  a  variable  climate 
or  where  therfi  are  sudden  changes  oi'  temperature  it  is 
tlie  safest  tur  the  wearer  to  use.  While,  taking  fibre  for 
fibre,  it  i>rubably  does  not  varj-  so  much  from  linen  or 
cotton  as  a  heat-conduL-tor  as  is  generally  believed,  it  is 
usually  woven  in  auuh  a  way  as  to  entangle  large  quan- 
tities of  air  in  its  meshes,  thus  preventing  either  sudden 
lowering  or  ruisitig  of  the  body-leioiwrdture,  since  dry  air 
is  an  especially  g(K»d  non-conductor  of  heat.  Moreover, 
wool  is  very  hygroscopic,  readily  taking  up  water  and 
perspiration  and  giving  them  off  slowly,  thus  rtiducing 
the  cooling  by  evaporation  to  a  minimum  and  r^ulating 
the  heat-dissipation  of  the  body.  All  who  are  subject 
to  rheumatism  or  to  such  dL^turbances  of  health  as  are 
due  to  sudden  temperature-changes  should  wear  woollen 
garments  next  the  skin  the  year  round,  vnrj'iog  the  thick- 
ness and  weight,  of  course,  to  suit  the  season  ;  and  children 
and  others  subject  to  digestive  disturbances  will  usually 
be  greatly  benefited  by  the  constant  use  of  a  woollen  (or, 
in  case  that  is  too  heavy,  a  silken)  band  about  the  ab- 
domen. 

As  it  is  ordinarily  woven,  some  persons  cnnnot  tolerate 
wool  next  the  skin  on  account  of  its  irritating  proi>erties. 
These  latter  are  obviated,  however,  if  the  undergarments 
be  made  of  pure  wool  woven  by  methods  similar  to  that 
introduced  by  Jaeger,  or  of  a  mixture  of  wool  or  cotton, 
or  by  wearing  a  net  garment  of  linen  or  cotton  next  the 
skin  and  underneath  the  woollen  under-clothing.  The 
Ja^er  mctho^I,  by  the  way,  is  said  to  provide  fiir  the 
escai>e  of  moisture  from  the  material  and  for  the  free 
permeation  of  air  through  its  interstices. 

Bilk  is  an  excellent  non-conductor  of  heat,  and  is  almost 
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which  to  make  warm  clotLing.  Its  great  iiatunil  U-auty 
and  the  facility  with  which  it  takes  coloring-matter  alwi 
make  it  desirable  frum  an  lesthetic  6tau(lj>oiut,  while  its 
great  disadvantage  is  its  high  cost.  For  those  who  oin- 
iiol  wear  wool  iiext  the  t>kiu  and  to  whom  cout  is  no  ob- 
jectiou,  silk  is  an  excellent  material  for  undergarments. 

Gotton  is  probably  the  most  generally  used  for  ctutbing 
of  all  tlie  fibres.  It  ia  not  so  hygroscopic  by  far  as  wool, 
but  it  ts  hanl  and  durable,  and  is,  above  all,  rheap,  so  that 
it  furnishes  the  bulk  of  the  clotiiing  for  the  masses.  If 
smoothly  woven  and  of  a  light  color,  it  nmkes  extremely 
cool  garments  for  warm  climates  or  seasons.  On  the 
other  hand,  if  warm  clothes  are  desin-d,  the  cotton  must 
be  woven  so  as  to  have  lai^  air-spaces  in  the  fabric,  thus 
making  it  rpsemblu  the  ordinary-  woollen  clothing  in  text- 
ure and  partly  in  ftinetion,  and  should  be  of  a  dark  color. 
Cotton  should  not  be  woni  next  the  skin  by  those  subject 
to  sudden  temiK-ratiire-clianges,  nor  during  exercise,  iinleas 
in  the  latter  case  it  is  changed  immediately  afWr  the  ex- 
crci-w  or  additional  clotiiing  is  added  to  the  body  to  pre-' 
vent  loo  rapid  evaporation  and  cooling. 

Linen  is  valued  for  its  purity  of  color  when  bleached, 
and  for  its  durability.  It  Is  more  expensive  than  cotton, 
and  its  hygroscopic  and  beat-conducting  properties  are 
about  the  same  as  the  latter.  It  is  eBi>eeially  desirable 
for  use  in  clothing  for  hot  climates  and  for  articles  of 
dress  that  are  easily  ptf>ile<l  and  need  frequent  cleansing. 

Furs  provide  extreme  protection  against  the  wind  and 
(iild,  Ixith  on  account  of  the  impermeability  of  the  skin 
and  of  the  large  quantity  of  air  entangled  in  the  fur  itself. 

Leather  is  ntili7.ed  for  foot-coverings,  etc.,  on  aoixmnt 
of  its  durability,  pliability,  and  practical  imjierviousness 
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to  moisture,  especially  when  oiled;  and  in  cold  oomiti'ics  iu 
also  used  for  body  giirments  on  account  of  ita  resiatance 
to  the  wind  and  the  efficacy  with  which  it  kccpa  the  body 
surrounded  with  a  layer  of  warm  air. 

With  the  possible  execptiun  of  imbber,  which  is  espe- 
cially useful  for  tlie  protection  which  it  gives  from  wind 
and  rain,  other  materialB  from  which  clotliing  is  made 
need  not  be  mentioned  here,  because  of  the  comparative 
rarity  of  their  nse  and  their  close  resemblance  to  those 
already  nume<.i.  The  value  of  any  material  for  clothing 
purposes,  however,  may  be  said  to  depend  Ujwn  the  slow- 
ness with  which  it  permits  the  passage  of  heat  to  or  from 
the  body  and  the  evaporation  of  water,  the  amount  of  air 
its  meshes  contain,  its  impermeability  to  the  wind,  or  else 
its  special  adaptability  to  some  particular  purpose. 

Certain  materials  are  manufactured  from  combinations 
or  mixtures  of  two  or  more  of  the  four  fibres  first  men- 
tioned, and  it  sometimes  becomes  necessary  to  disttnguiith 
these  one  from  another  and  to  determine  the  pro|M)rtion 
of  each  in  the  goods.  This  is  done  by  microscopical  ex- 
amination, each  fibre  having  its  own  peculiar  character-  i 
istios,  and  by  chemical  reactions.  Some  of  those  latter 
are  as  follows :  Wool  and  silk  dissolve  in  hot  liquor 
potassfe  or  sixlie  of  a  specific  gravity  of  1050,  while  cotton 
and  linen  are  not  affccled.  Wool  and  silk  are  stained 
yellow  by  atrong  nitric  or  picric  acid ;  cotton  and  linen 
are  not.  Sulphuric  acid  affects  wool  but  little,  slowly 
dissolves  silk,  and  changes  cotton  or  lineu  into  a  gelati- 
nous Bubstani^  that  is  colored  blue  l>y  iodine.  Hot 
concentrated  zinc  chloride  dissolves  silk,  but  not  wool ; 
and  copper  dissolved  in  ammonia  mpi<lly  diijsolvea 
silk   and   cotton,  linen   more   slowly,   but   only  slightly 
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Cloths  are  often  BO))Jiit<ticat«(l  in  the  process  of  1 
manufacture,  aud  their  value  greatly  leseened  thereby.! 
Wool  is  mixed  witlj  "  slioddy,"  which  is  made  from  1 
old  and  used  woollen  raga  torn  asunder  and  then  re^puo  1 
with  an  addition  of  fresh  wool;  silk  is  heavily  weighted  I 
with  saltfi  of  tin,  iron,  or  with  other  substasoes;  and  I 
cutton  and  linen  are  stificned  and  glossed  with  an  exces-  I 
give  amount  oi'  starch,  white  earth  or  the  like.  Shoddy  J 
can  be  determined  by  the  use  of  the  microscoi>e;  tlwJ 
weighting  of  silk  by  ciieinical  reactions  and  solutions ;  and  j 
overstarching,  etc.,  of  cotton  and  linen  by  washing  and! 
drying. 

It  will   not   be  advisable  here  to  go  fully  into  oon-  ' 

sideration  of  the  influence  which  tlie  shape  and  style  of 

the  individual  garments  of  unliuary  use  have  upon  health, 

for  that  would  require  a  much  longer  diMrussiuu  than  the 

present  space  permits ;  but  the  general  rule  may  be  laid   I 

down  that  each   article  of  clntliing  should   be  adaptfsl  ] 

tothe  peculiar  needs  and  occujiation  of  the  wearer,  and  ] 

that  it  should  in  nowise  interfere  with  tlie  proper  develop-  I 

ment,  use,  or  physiological  functions  of  any  [tart  of  the  \ 

body,  I 

Trite  and  hackneyed  as  is  the  subject,  the  writer  feela   I 

i  that  he  would  l>e  wanting  in  the  performance  of  his  duty 

lif  he  failed  to  condemn  the  habits  and  fashions  of  drees  J 

I  that   demand   undue  constriction   of    the   trunk   of  the  I 

Fbody.     All  sanitarians  practically  agree  upon  the  impor-  I 

fnaoe  of  "  vital  capacity,"  as  measured  by  the  develo}^  | 

HMitand  extent  of  expansion  of  the  thorax,  in  determining  ] 

Hfe' ioonstitution  and  health  of  the  individual.     But  not  ] 

^mly  does  the  corset  harm  by  inlerfering  with  the  iiino-  J 

Kons  of  respiration  aud  circulation,  but  it  also  deforms  J 

bad  induces  even  more  serious  troubles  by  its  displacement  J 
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of  tho  abdominal  .iiid  especially  of  the  pelvic  organs,  and 
by  tiie  grave  interference  with  the  nutrition,  tone,  and 
functions  of  all  of  these.  It  is  a  fair  challenge  to  any 
woman  who  declares  that  she  does  not  dress  too  tightly, 
to  ask  her  to  measure  honestly  her  waist  circumference 
and  expansion  both  with  and  without  tJie  garment  in 
question,  and  to  make  her  decision  accordingly.  And  it 
is  certainly  false  doctrine  to  teach,  as  is  so  often  done  to 
young  girls,  that  it  is  really  necessary  that  the  normal 
human  body  should  have  artificial  support.  The  natural 
muscles  kept  in  proper  training,  tone,  and  action  are  all- 
sufhcient  to  give  the  most  perfect  and  most  beautiful 
human  form. 

When  exposed  to  the  sun's  rays  or  to  other  sources  of 
radiant  aud  incandescent  heat,  fabrics  absorb  hejit  irre- 
spective of  the  constituent  materials,  but  in  the  following 
onler  aa  regards  coli)r  :  white,  light  yellow,  dark  yellow, 
light  green,  Turkey  red,  dark  green,  light  blue,  and  black, 
the  latter  color  absorbing  more  than  and  light  bine  almtwt 
twice  as  much  as  white,  the  material  in  each  case  being 
the  same.  In  the  shade  the  degree  of  absorption  depends 
more  on  the  material  than  on  the  color. 

Lastly,  it  should  be  remembered  that,  as  disease  germs 
are  readily  conveyed  from  place  to  place  and  from  one 
person  to  another  by  the  clothing,  and  especially  by  that 
M'hich  is  hygroscopic  by  nature,  care  should  be  taken  to 
keep  the  garments  in  as  cleanly  and  aseptic  condition  as 
possible,  to  disinfect  them  whenever  they  have  been  cx- 
poeed  to  infection,  and,  for  those  who  are  much  among 
the  ack  or  liable  to  infection,  the  use  of  smooth,  closely 
woven,  non-hygroscopic  over  or  outer  gsirments  that  can 
be  readily  cleansed,  such  as  those  made  of  cotton  or  linen, 
is  to  be  highly  recommended. 
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The  impoitant  influenoe  of  stmliglit  in  the  devebpment 
the  mamtemmoe  of  a  healthful  oonditkm  in  all  higher 
oiganisms,  both  animal  and  vegs^skAB^  is  weU  known  by 
every  one,  but  as  yet  there  is  a  lack  of  infonnatioii  as  to 
the  exact  physiological  methods  and  processes  which  are 
due  to  this  great  force.  We  know  that,  for  the  plants, 
chlorophyll  is  the  intermediary  agent  which  largely  assists 
in  the  conversion  of  carbon  dioxide  and  the  storage  of 
carbon  in  various  compounds,  and  that  the  presoioe  and 
action  of  this  chlorophyll  are  largely  dependent  upon  the 
light-supply;  while  for  the  animal  kingdom,  and  espe- 
cially for  the  human  race,  it  is  evident  that  the  effect 
of  sunlight  is  manifested  more  or  less  directly  in  the 
blood  and  skin,  though  the  whole  body  quickly  shows  a 
marked  appreciation  of  its  presence  or  absence.  But 
when  this  has  been  said,  there  is  little  else  that  can  be 
added  as  a  matter  of  positive  information,  ^o  one  knows 
just  how  the  pallid  and  ansemic  child  that  has  been 
reared  in  the  shade  and  dark  is  converted  into  the  tanned 
and  ruddy  picture  of  health  in  so  short  a  time,  but  the 
results  are  unquestionable. 

The  subject  demands  further  study,  and  it  may  not  be 
out  of  place  to  indicate  one  or  two  directions  in  which  the 
investigation  may,  perchance,  be  wisely  pursued. 

In  the  first  place,  there  has  doubtless  been  too  little 
appreciation  of  the  fact  that  sunlight  in  its  totality  has 
many  other  rays  of  force  than  those  which  manifest  them- 
selves alone  to  our  sense  of  sight.  The  existence  of  the 
ultra-violet  rays  and  the  fact  that  these  are  more  power- 
ful actinically  than  those  of  the  ordinary  spectrum  have 
Wn   satisfactorily  demonstrated,  and  the  only  question 
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is  as  to  what  the  tnie  physiologic  power  and  influence  of 
thtse  invisible  rays  may  be.  It  is  not  certain  at  present 
that  some  of  them  at  least  are  not  closely  related  to  the 
manifestation  of  force  discovered  by  Rontgen,  and  there 
is  good  reason  \a  believe  that  the  penetrative  powers 
of  light  as  r^ards  the  human  body  are  not  fully  known 
nr  appreciated.'  Nor  can  we  tell  how  much  of  that  jwwer 
of  tlie  sun  whose  effects  we  feel  and  see  is  in  nature  on 
that  borderland  between  light  and  electricity  that  is  as  I 
yet  so  vague  and  imknown.  I 

Again,  the  destructive  effect  of  sunlight,  and  of  light 
from  minor  sources  as  well,  upon  the  germs  of  disease  aud 
other  low  forms  of  life,  and  upon  their  toxic  products,  is 
now  a  matter  of  common  knowledge,  though  many  are 
not  aware  that  it  has  been  proved  that  this  germicidal 
action  of  light  is  directly  in  relation  to  its  actinic  power. 
Considering  this,  together  with  the  statements  in  the  pre- 
ceding paragraph,  may  we  not  surmi.'^  tliat  hostile  oi^n- 
isms,  even  in  the  deeper  tissues,  are  overcome  both  in  this 
way  and  by  the  improved  condition  of  the  blood  due  to 
the  light,  and  that  tins  hypothesis  helps  to  explain  the 
good  results  that  follow  the  open-air  treatment  of  many 
diseases  and  abnormal  conditions?  The  tubercle  bacilli 
are  especially  susceptible  to  its  influence,  and  every  one 
should  know  that  an  abundance  of  sunlight  is  just  as 
essential  to  the  tidiercnlons  patient  as  are  plenty  of  good 
food,  pure  air,  or  proper  clothing, 

'  Some  eiperimenbi  by  tbe  author  and  bjr  numeroua  others  Beem. 
dearly  Ui  iudiiMle  that  some  ur  the  raillant  energy  rrnm  the  ami.  nnd  in 
lesier  degree  from  other  aouroea  or  light,  ia  able  to  penetrate  substnni^M 
hitherto  cauiidered  npaquc,  and  to  produce  phomunena  similar  la  those 
due  to  the  Kootgen  ray.  Conseqnently,  if  the  eiperimciits  rpfrircd  to 
are  well  founded,  the  peoetrativu  ability  of  this  energy,  u  rogards  the 
human  tissue^  would  »ecni  Xti  Ixt  nion-  ihnn  iinihable. 
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Eie'  has  described  a  treatment  by  means  of  light,  and 
has  reported  some  interesting  result  and  apparent  c 
in  cases  of  lupus  of  the  skin  and  cirGutiiscril>ed  baldness 
(alopecia  areata).  He  states  that  the  power  of  the  chemic 
rays  to  kill  bacteria,  to  produce  ao  erythema  or  inflomnia- 
tion  of  the  skin,  and  to  penetrate  the  skin  is  alreaily 
proved.  But  the  strongest  liglit  of  summer,  unconct'n- 
trated,  is  too  weak  to  produce  marked  results  quickly  in 
disease,  and  as  the  chemic  and  bactericidal  power  of  light 
is  mainly  in  the  blue,  violet,  and  ultra-violet  rays,  meas- 
ures are  taken  to  concentrate  and  intensify  these  by  means 
of  a  plano-convex  lens  fille<i  with  a  solution  of  oopper- 
ammonium  sulpliate.  This  also  cools  the  rays,  which 
would  otherwise  be  intolerable,  and  further  cooling  is 
secured  by  a  smaller  hollow  plano-convex  lena  of  quartz, 
through  which  water  is  made  to  flow  and  which  is  applied  ^ 
to  the  part  of  the  skin  under  treatment  and  on  which  the 
concentrated  rays  impinge.  That  the  treatment  promises 
much  for  the  fnture  seems  undoubted.  Fiusen  has  also 
done  much  to  develop  the  treatment  of  disca.se  by  sunlight, 
and  his  methods  are  being  employed  in  this  country  as  , 
.  well  as  abroad. 

More  might  also  be  said  in  reference  to  the  possible 
|Dd  probable  chemic  activity  of  the  light  in  and  upon  the 
tetabolic  processes  of  the  animal  body ;  but  as  then  is 
Kill  the  uncertainty  of  hypothesis  and  theory,  it  may  be 
aer  simply  to  leave  the  fori^ing  suggestions  as  food 
pr  thought  antl  incentives  to  further  research  and  investi- 
(ation. 
The  importance  of  an  abundance  of  daylight  in  all 
"Oms  where  much   work  is  to  be  done  should  not  be  , 

<  Brithli  Medical  Joiirnxl,  September  30,  1899.    PliiUdclpfaia  N 
IWUMI.  Oi^yber  7,  1889. 
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overlooked.  Not  only  is  it  necessary  for  the  conservation 
of  the  influences  just  mentioned,  and  as  a  destroyer  of  path- 
ogenic organisms,  hut  it  is  also  more  agreeable  and  safer 
for  the  eyesight  than  any  form  of  artifitiial  light  yet  de- 
vised. An  irojiortant  aid  to  the  illumination  of  dark  in- 
teriors has  been  the  I'ecent  introduction  of  panes  or  plates 
of  glass  with  a  series  of  ridges  or  prisms,  wbich  refract 


Fia.  47. 


and  diffiise  thn)ughout  a  room  light  which  would  otherwise 
illuminate  it  but  partially  or  not  at  all.  The  prisma  are 
made  with  various  angles,  and  may  be  placed  cither  in 
the  ordinary  window  sash  or  in  prttjeeting  canopits, 
according  to  whether  the  direct  light  from  the  sky  is 
obfltnictf^l  or  not.     {Figs.  47  and  48.) 

The   relation   of  artificial   lighting  to  ventilation   has 
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boen  disGUHSPtl.     In  addition  to  this  point,  the  quantity 
of  light  supplied  and  its  steadiness  have  an   impurtaot 


ij-rani  of  AmcrlcBn  three- wurprlBmi 
A.  InnorprismatLc  lUrDicc:  D.  outer 
lion  of  A :  D,  pronle  ur  Mellon  of  B. 


iHsiririg  on  the  hygifnic  value  of  any  artificial  muroe  ( 
illumination  that  it  luiiy  be  necessary  to  employ. 
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CHAPTER    IX. 


SCHOOL  UYOIENE. 


It  was  remarked  in  the  chapter  on  Personal-  Hygiene 
that  the  best  time  for  applying  the  laws  of  hygiene  !a  in 
the  days  of  childhood  and  youth,  for  then  the  whole  or- 
ganism is  plastic  and  yields  readily  to  both  external  and 
internal  impressions  and  forces. 

This  being  so,  the  great  influence  of  the  factors  common 
to  school  life  may  be  readily  conceived,  and  inasmuch  as 
the  average  child  will  be  subject  to  them  for  a  large  part 
of  from  eight  to  ten  or  more  years,  the  importance  of  a 
study  of  school  hygiene  will  not  be  denied.  It  concerns 
the  parent,  the  physician,  and  the  citizen,  and  its  inves- 
tigations must  consider  the  personal  hygiene  of  the  scholar, 
the  conditions  of  his  health,  his  habits,  the  amount  of 
work  done,  the  sanitary  environment  and  requirements 
of  the  school-room  and  building,  the  furniture,  the  venti- 
lation and  heating,  and  the  influence  of  all  these  upon 
the  individual's  state  and  < level opm en t. 

Next  to  the  scholar  himself  atid  his  parents,  these  mat- 
ters arc  of  special  interest  to  the  physician,  for,  beside 
being  one  who  from  his  s]>ecial  training  and  education  is 
often  called  to  act  upon  school  committees  and  Ixtards  of 
education,  he  has  to  treat  many  disturbances  of  health  in 
the  young  which  have  their  origin  or  cause  in  the  harm- 
ful or  insanitary  conditions  of  school  life. 

There  are  disorders  to  whicli  all  children  are  subject 
whether  in  school  or  out;  but  a  special  class  are  markedly 
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influenced  by  school  life  or  work^  and  to  these'  abnormal 
conditions  we  may  give  the  term  ^'School  Pathology." 
Of  some  of  these,  overwork  b  the  cause ;  others  are  set 
up  by  other  fiictors. 

Overwork,  coupled  with  depressed  vitality,  may  give 
rise  in  children  to  one  or  more  of  the  following  troubles : 
dys[)ep.sia,  headaches,  nervous  derangements,  chorea,  epi- 
lepsy, neurasthenia,  backaches,  menstrual  disorders,  and, 
in  some  cases,  consumption.  On  the  otlier  hand,  fiiulty 
arrangement  of  seats  and  desks,  improper  location  of 
windows,  blackboards,  etc.,  may  cause  spinal  and  other 
physical  deformities,  defective  eyesight,  etc.  Of  the  first 
class,  even  where  the  amount  of  work  may  not  seem  or 
may  not  really  be  too  much  for  the  capacity  of  the  child, 
worry  aI)out  rank  or  over  an  approaching  examination 
may  have  a  harmful  effect  upon  a  nervous  temperament. 
This  is  especially  so  if  the  examinations  come  at  the  end 
of  a  spring  term,  when  the  scholars  are  all  more  or  less 
worn-out  and  debilitated.  The  forcing  process  should  be 
avoided  as  far  as  }X)ssible,  and  if  grades  are  to  be  given 
at  all,  they  should  l>e  as  much  as  possible  for  the  work 
and  attendance  during  the  term,  and  not  so  much  for  the 
actual  work  done  at  examination  time. 

Moreover,  young  children  should  not  be  kept  in  school 
for  too  many  hours  in  the  day,  nor  should  school  l)e 
looked  upon  by  jiarents  as  a  place  to  which  to  send  chil- 
dren to  keep  tlieni  out  of  the  way  and  from  mischief. 
Edwin  Chadwick  lins  shown  that  a  child  from  five  to 
seven  years  can  only  attend  to  one  object  for  about  fifteen 
minutes ;  one  from  seven  to  ten,  for  twenty  minutes ; 
from  ten  to  twelve,  for  twenty-five  minutes,  etc.,  and  that 
the  length  of  individual  lessons  and  likewise  the  total 
day's  work  should  l)e  arranged  accordingly.     The  very 
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early  years  of  scboul  life  should  be  gi\'eu  to  incuk-attng 
correet  habits  of  attention  and  uf  mumla  au<l  to  training 
the  will  and  [wwers  of  conceotnition  and  oltservation, 
mther  than  to  the  teaching  of  any  special  knowledge. 

But  it  is  probably  the  work  attempted  outside  after 
school  hours,  and  not  the  actual  work  done  in  the  school, 
that  is  most  responsible  for  the  breaking  down  of  health, 
especially  iu  older  scholars.  In  Cleveland,  in  1881,  of 
186  girls  ill  the  high  school,  29  (wr  cent,  of  those  who 
studied  lees  than  two  hours,  70  per  cent,  of  those  study- 
ing from  two  to  four  hours,  ft!  per  cent,  of  those  study- 
ing from  four  to  six  hours,  and  100  per  cent,  of  those 
studying  over  six  hours  daily  out  of  school,  had  poorer 
health  while  at  school.  Of  tliese  same  girls,  the  jHtr- 
centages  of  those  whose  health  was  "  very  poor  while 
at  school,"  dividing  them  the  same  way  as  regards  over- 
work, were  respectively  14,  40,  66,  and  100  per  cent. 
This  lotw  of  health  was  attributed  by  the  jKirents  to  stair- 
climbing,  irregidarity  of  meals,  worry  about  rank  and 
examinations,  etc. ;  but  Goodell  says :  "  So  commonly  do 
I  find  ill  health  associated  with  brilliant  scholarship,  that 
one  of  the  first  questions  I  put  to  a  voung  lady  seeking 
my  advice  is,  'Did  you  stand  high  at  school?'"  Another 
writer  says:  "The  effects  of  anxiety  are  worse  than  carry- 
ing heavy  loads." 

In  fact,  one  of  the  leading  educators  of  the  country  has 
BDggested  that  children  should  not  be  required  to  study 
reading,  writing,  or  <lrawing  before  the  age  of  ten  or 
eleven,  as  these  bring  into  action  and  use  the  close  appli- 
cation of  the  finer  sense  organs  and  faculties  which  are 
not  as  yet  fully  developed ;  but  he  advises  that  the 
instniction  of  the  earlier  years  of  school  life  should  consist 
mainly  of  language  lessons,  history,  nature  studies,  and 
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such  '^faera  as  may  be  taugfat  orally,  aim!  lluii  will  at  tlw 
tamv  time  dtvi-lop  the  chilli's  powers  of  atWntioo,  nltser- 
valiun,  ami  ntasuning.  Tli^re  is  more  thao  a  clianoe  that 
Biic-li  a  plan  af  inHtmction  would  not  only  secure  l>ett4.-r 
nwilli^  frum  the  Icacljer's  i>oint  of  view,  bul  tlial  it  wiiiilil 
aW(  U-  saftT  for  tbe  scholar'i!  ptiytncal  uipiuism. 

While  a  i-bil<l  is  at  »^bcDl  its  mind  should  not  be 
weuried  by  outside  tasks,  as  music  or  painting  leseuutt, 
nor  tbe  body  weakened  by  $(»eial  dissipations,  late  iiuius, 
and  iuiligeiilible  food.  Girls  are  more  susceptible  to  dis- 
turbuntxs,  and  are  more  subject  to  tbem,  because  lliey  are 
more  willing  to  undertake  e^tra  or  double  work  tban  biys, 
and  because  they  are  more  ambitious  and  worry  tnun.' 
alMiiit  rank.  In  all  children  the  obtaining  of  good  healtli 
UD<1  a  sonnd  constitution  is  of  the  first  importance.  Youth 
is  the  time  tor  gaining  bealtb,  not  for  losing  it ;  for  build- 
ing up  sound  bodies  and  con^^ilulions,  not  for  breaking 
tbcm  down,  and  school  life  should  always  have  the  former 
as  one  of  its  greatest  cutis.  Of  what  use  is  all  the  learn- 
ing one  may  gain  liefore  the  age  of  eighteen,  if  tliert;  be 
no  Blrength  to  use  it  afterward  in  the  battle  of  life? 

School  life  is  sometimes  responsible  for  dyspepsia  by 
interfering  with  the  regularity  of  meals,  tbe  children 
missing  the  midiiay  menl  and  having  to  depend  upon  a 
mi?agre  lunch,  often  of  sweets  and  indigestible  fiNKi,  This 
Is  eifpecially  important  when  the  rest  of  the  family  dine 
at  noon,  and  there  is  only  a  light  meal  served  in  the  even- 
ing. Again,  many  habitually  lose  their  breakfast  through 
fear  of  being  late,  or  else  bolt  the  food  without  maslicat- 
ii^  it  and  gulp  down  hot  ooffee  or  tea  before  starting  <m 
a  nm  for  school,  But  ofleu  the  loss  of  api>etite  is  due 
simply  to  lack  of  fresh  air  and  proper  exercise,  or  else 
to  the  iier\-ous  otndition  of  the  child,  which  is  sometimes 
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such  ae  to  iuterfere  with  almost  all  tif  the  body  functions. 
Such  dyspepsias  are  to  be  treated  by  uttvtitiou  to  the 
foregoing  points  rather  than  by  medicine. 

Headache  is  a  oommun  disturbance  among  school  cJiil- 
dron,  and  may  be  due  to  any  one  of  several  causes,  among 
which  are  overwork — proilucing  irritability  and  disturb- 
ances of  cerebral  circulation — indigestion,  bad  air,  eye- 
strain, etc.  The  eyes  should  always  be  examined  when 
headaches  are  persistent,  and  any  defects  corrected  by 
proper  glasses.  Associated  with  the  headaches,  frequent 
bleeding  from  the  nose  may  occur  and  should  not  be  over- 
looked, as  it  may  indicate  circulatory  disturbance. 

One  of  the  most  common  symptoms  of  nervous  derange- 
ment is  sleeplessness  or  restless  sleep,  and  this  ctindition 
should  give  warning  that  aometliing  is  wrong.  Folaom 
says :  "  I  doubt  whether  there  is  an  exa^erateil  preva- 
lence of  manifest  or  well-marked  diseases  of  the  nervous 
system  among  school  children.  If  due  to  the  school-drill, 
my  impression  is  that  they  come  for  the  most  part  later  in 
life,  after  the  children  have  left  school,  and  because  of 
constitutions  weakened  during  school  years,  instead  of 
strengtheneti  as  they  should  be."  Children  subject  to 
chorea  or  ei>ilepBy  should  not  attend  school,  uot  only  for 
their  own  sake,  but  also  for  that  of  the  other  children,  who 
may  be  unduly  afiected  by  their  ner\'ous  manifestations. 
8uch  children  should  be  educated  quietly  and  cautiously, 
with  proper  treatment  and  plenty  of  out-door  life.  Neuras- 
thenia or  general  break-down  may  occur,  nsuallv  from 
overwork,  and  especially  among  young  women.  It  may 
come  on  unexpeftedly  after  the  examinations  at  the  end 
of  the  term,  when  tlie  strain  and  excitement  are  removed. 

Menstrual  disorders  are  also  apt  to  occur  among  girls 
that  are  being  overworked  mentally,  and  we  ought  to 
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reniombcr  that  the  system  is  undergoing  a  heavy  straJa 
at  tlie  time  this  function  is  developing.  Alao,  for  certain 
young  women  rest  from  customary  work  is  necessary  at 
the  time  of  the  periodical  recurrence,  and  excuses  for  al>- 
eence  at  this  time  ought  to  be  freely  gmnted.    It  lias  been 


FcMiliin  auumed  In  writing 


biKta.    (Tn.!.) 


well  said  that  "  girls  get  through  as  much  work  as  b 
working  in  their  own  way." 

The  development  of  consumption  may  be  due  to  the 
school  life,  though  it  is  hard  to  say  how  frequently  this 
18  the  case.  Bad  air  and  overwork  are  l>oth  important 
factors  in  ita  production,  and  if  these  are  forced  on  under- 
f«i  or  predisposed  children  the  disease  may  be  provoked. 
"  In  a  consumptive  family  the  steadfast  rule  should  be  that 
■iha  mind  be  wholly  subservient  to  the  body's  welfare." 
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The  main  cause  of  spinal  and  other  deformities  and  de- 
fective eyesight  is  apt  to  be  found  iii  faulty  construction 
of  scats  and  desks,  impro[)or  location  of  windows,  etc., 
tliough  excessive  work  or  strain  may  maintain  a  low 
vitalily  and  act  as  a  predisposing  condition.  The  latter 
{mint  is  shown  by  the  fact  that  spinal  curvatures  are  more 

Fio.  50. 


writing  vitb  Ihe  deik  loo  low.    (Pruc) 

prevalent  in  those  especially  prone  to  weakness  of  the 
muscles,  as  women  and  girls.  But  no  desk  or  scat  will 
remove  original  weakness  of  muscle  as  the  one  important 
predisposing  condition,  and  children  cannot  be  made 
strong  by  supports.  "  Spinal  curvature  is  not  only  a 
product  of  low  vitality,  but  does  harm  by  permanently 
fixing  vitality  at  a  low  standard." 

Improperly  arranged   seats  and  desks  not  only  ofWn 
cause  spinal  deformities,  but  also  help  to  develop  defective 
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eyesight  by  causing  the  scholar  to  hold  tiie  book  too  near 
the  eyes  and  by  making  him  bend  his  head  so  that  the 
eirculatioQ  of  blood  is  impeded  and  ocular  coiigestiou 
favored.  However,  uo  seat  «m  be  devised  in  which  a 
child  will  maintain  a  correct  or  "normal"  position  (br 
any  but  a  short  time,  as  this  is  an  impossibility  for  young 
children;  but  the  aim  should  be  to  funiish  a  seat  in 
which  one  will  naturally  assume  the  correct  position  after 
having  temporarily  taken  any  other.  "  Movement  is  a 
child's  way  of  resting ;  rest  is  a  kind  of  work,  to  be  taught 
by  dt^roes."  Scats  should  have  backs  lo  prevent  &tigue, 
but  a  comfortable  back  gives  supjwrt  to  the  lower  part 
of  the  spine  rather  than  to  the  slioulders  and  upper  part 
of  the  spine.  Many  foreign  authorities  advise  seats  with 
backs  only  high  enough  to  support  tlie  lower  part  of  tlie 
spine,  and  low  enough  for  the  scholar  to  rest  his  elbows 
upon  them  while  studying. 

The  following  points,  gtiggested  by  Lincoln,  are  worth 
noting :  "  1,  The  chair  is  often  too  high  for  young  egIioI- 
ars.     The  most  convenient  plan  may  be  to  provide  foot- 
stools.    2,  The  seat  from  back  to  front  ought  to  l>e  long 
L  enough   to   supjxirt   the   whole   thigh.     A  more   or   less 
L  8poou-sba[>ed  hollow  in  the  seat  is  commonly  thought  de- 
I  nirable.     The  curve  of  many  settees  is  such  as  to  produce 
pain  at  the  point  where  the  tuberosities  of  the  ischium  rest 
on  the  woo<l ;    the   support  is  there   not  wide  enough. 
3.  Seats  must  have  backs.     The  straight,   upright  hack 
reaching  to  the  shoulders  is  bad  ;  a  straight  back,  slightly 
tilted,  is  not  bad.     American  seats  are  commonly  curved, 
^  with  curved  backs.     4.  The  edge  of  the  desk  should  come 
up  to  or  overlap  the  edge  of  the  seat.     The  reot^nition  of 
this  fiict  is  a  recent  discovery.     5.  Most  of  our  best  desks 
are  too  high  relatively  to  the  seat,  doubtless  to  prevent 
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the  pupil  from  stooping.  Something  is  gained  in  con- 
venience uf  reading  by  this  plan,  but  it  interferes  with 
correct  positions  in  writing.  The  elUjws,  bunging  fredy, 
should  be  only  just  below  the  level  of  Ibe  lid."  For 
near-sighted  children  the  higher  desk  may  be  a  necessity 
in  writing ;  if  the  desk  is  made  low,  u  portable  writing- 
stand  may  be  placed  on  top  of  it  when  necessary. 

Windows  on  only  one  side  of  a  latge  school-room  may 
ant  give  sufficient  light  for  the  desks  most  remote  from 
them.  Consequently  there  should  be  windows  on  two 
sides,  preferably  adjoining  ones,  of  large  school-rooms. 
The  windows  should  be  at  the  back  and  to  the  left  of  the 
scholar,  thus  giving  the  best  light  upon  the  desk  for 
either  reading  or  writing.  They  should  not  be  placed  in 
front  of  the  scholars,  as  the  continuous  glare  is  very  trying 
and  injurious  to  the  eyes.  They  should  extend  almost  to 
the  ceiling  and  have  square  tops,  to  admit  as  much  light 
as  possible.  Blackboards  should  have  a  dead-black  sur- 
face, not  a  glossy  one,  and  should  be  on  the  sides  of  the 
room  on  which  there  are  no  windows.  Walls  should  be 
of  a  neutral  tint,  not  glaringly  while. 

GoQatmction  of  School-houses. — The  principles 
already  given  as  to  ventilation,  heating,  water-supply, 
etc.,  apply  here  as  elsewhere.  From  1800  to  2500  cubic 
feet  of  fresh  air  should  be  supplied  to  each  scholar  per 
hour.  In  cold  weather  this  should,  of  course,  be  eatis- 
ftctorily  warmed.  The  air-ducts,  both  inlets  and  outlets, 
must  be  sufficiently  large  to  change  the  air  without 
causing  injurious  and  uncomfortable  draughts;  and  these 
ducts  should  be  as  short  and  free  from  bends  as  pos- 
sible, or,  better,  tlie  rooms  should  open  into  the  supply 
and  exhaust  shafts  directly.  The  air  may  be  warmed 
either  by  steam  or  ho{^wal«r  coils  or  by  a  furnace,  though 
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prefi-mbly  by  the  former,  to  avoid  "  baking "  the  ait, 
and  also  preferably  by  the  indirect  system.  There  b  no 
objection  to  having  additional  heating  apparatug  in  the 
achool-room,  provided  it  is  guarded  so  that  the  scholars 
may  not  be  accidentally  biirued.  Any  system  that  will 
give  a  sufficient  supply  of  fresh  air  properly  heated  will 
of  ueccsaity  be  more  expensive  than  the  old  way  of  not 
ventilating  at  all  except  by  opooing  the  windows  at  recess 
time,  but  experience  shows  that  the  increase  in  ex[>eiise 
is  not  80  very  great,  as  so  much  heat  is  lost  by  opejiiug 
the  windows  in  this  way,  and  the  benefit  to  the  children 
more  tlian  compensates  for  the  additional  outlay.  Country 
seliools  may  be  heated  by  stoves  snrroimded  by  sheet-iron 
drums,  and  ventilated  with  fresh  air  from  without  brought 
iu  near  the  bottom  of  the  stove.  (See  Fig.  20.)  Passing 
up  between  the  stove  and  drum  the  air  is  warmed  and 
gives  good  ventilation  without  chilling  or  draught.  As 
great  a  Icugth  as  possible  of  stovepipe  should  be  exposed 
in  onler  to  got  the  full  benefit  of  the  heat  from  it. 

The  Smead  system  of  ventilation  and  heating  has  been 
used  with  satisfaction  in  many  schools  throughout   the 
countrj-.    Iu  this,  the  air  after  being  warmed  and  brought 
into  the  school-rooms  at  a  level  a  few  feet  above  the  floor, 
circulates  through  them  and  is  6nally  withdrawn  through 
registers  at  the  floor  level,  whence  it  is  carried  under- 
neath the  floors  to  large  outlet  shafts  in  which  a  draught 
^je  constanlly  maintained.     In  tliis  way  a  thorough  ditTu- 
rion  and  changing  of  the  air  in  tlie  school-rooms  are  se- 
■ire<l,  and,  moreover,  the  floors  are  kept  warm  by  the 
Mt  from  the   air  which  is  passing  beneath  ihem  but 
which  would  otherwise  be  wasted.     (Fig.  51.) 
d     Ample  cloak-rooms  should  be  provided  for  every  school, 
]  which  should  be  warm  and  well  ventilated  in  order  to 
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secure  the  rapid  drying  of  tlie  garments  in  wet  weather, 
but  tliese  cloak-rooms  should  not,  if  it  is  possible,  com- 
municate directly  with  the  school-rooms  themselves.  Pro- 
vision should  also  be  made  for  readily  disinfecting  them, 
and,  in  fact,  the  whole  school  building  at  intervals  and 
whenever  necessary. 

In    1897   at   Newcastle-upnn-Tyne,  "the  experiment 
was   tried  of  closing  each  school,  where   scholars  were 


rating  llie  Siotsd  sjsi 

being  taken  ill,  for  a  few  hours  only,  long  enough  to 
allow  of  thorough  purification  and  the  ftprinkfinff  of  the 
Jloora  of  ch»t-room»  villi  dwnfeetanta.  This  disinfection, 
BO  far  as  measles  was  concerned,  was  followed  by  the  ex- 
tinction of  the  disease  in  question."' 

The  school-house  should  be  ou  dr)'  and  well-drained  soil, 

as  dampness  is  not  only  depressing  to  all  constitutions, 

>  AmericftD  Year-book  of  Medicine  fur  1900,  pp.  543.  544. 
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but  is  also  an  important  factor  in  the  causation  of  phtlli 
and  strumous  dise&sci:.  There  should  not  l)e  too  macl 
shade  about,  and  as  many  rooms  as  possible  should 
have  sunny  exposures.  If  the  sunlight  is  annoying  dur- 
ing the  session,  it  may  be  escludeil  by  inside  blinds  or 
aliuttcrs,  but  we  must  not  lose  sight  of  its  helpful  influ- 
ents in  the  destruction  of  bacteria  and  purification  of 
organic  matters. 

Where  sunlight  is  scanty  or  it  is  difficult  to  illuminate 
the  Bchool-rooms,  it  may  be  advantageons  to  furnii^h  one 


or  more  of  the  winder 


with  s 


•  form  of  the  dil 


tusing 


and  refracting  prisms  already  describetl  (page  298),  thus 
giving  an  abundance  of  light  where  there  was  formerly  a 
deficiency,  and  materially  Icsaening  the  eye-strain  of  the 
■scholars. 

Basements  of  school-bouses  should  be  well  lighted  and 
dry,  and  should  be  kept  scrupulously  clean  that  moisture 
and  noxious  gases  may  not  be  drawn  into  the  ro(>nis  abo^'o. 
If  properly  arranged  and  cared  for,  they  may  be  used  as 
play-rooms  in  stormy  weather  when  it  would  be  uuwise  to 
send  the  scholars  outof-doors. 

The  water-supply  shoidd  be  free  from  impurities  and  as 
\  as  can  be  had.     In  the  countrj',  if  from  a  neighbor- 

l  farm-house  spring  or  well,  it  may  hn  contaminated  by 
nkage  from  cesspools  and  Immyards.  Or  the  sch<M>l 
rater  may  be  taken  from  a  neighl»oring  spring  or  stream 
which  is  receivHng  contamination  from  the  school-bouse 
•  cesspoitl  or  other  sources.  For  this  reason,  teachers 
ahotild  be  taught  the  tests  for  chlorides  and  ammonia  and 
the  reason  for  making  them,  and  should  make  the^e  testa 
frequently.  If  cause  for  suspicion  arises,  the  use  c 
Water  should  be  stopped  nt  once. 

Water-closets  and  urinola,  where  in  use,  should  be  | 
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clean  by  a  competent  janitor,  and  the  principal  or  lieail- 
teacher  Bbould  see  that  this  is  done.  In  the  country,  the 
I)8il  or  earth-closet  system  should  be  substituted  for  the 
usual  privy-vault  or  cesspool,  and  it  should  be  the  duty 
of  some  one  apart  from  the  teacher,  regularly  apjvotnted 
and  paitl  by  the  school  directors  of  the  district,  to  see  that 
removals  are  made  at  proper  intervals ;  the  teacher  should 
maintain  supervision  over  the  daily  condition  of  affairs. 
If  possible,  the  out-bouses  should  be  connected  with  the 
school-bouse  by  covered  ways,  that  the  children  may  not 
be  exposed  in  inclement  weather ;  but  these  ways  should 
be  open  or  else  constantly  ventilated  by  open  windows  on 
either  side.  Cesspools,  if  unavoidable,  shoidd  be  at  least 
fifty  feet  distant,  and  should  drain  away  from  the  school- 
bouse. 

Though  approving  the  Smead  system  of  warming  and 
ventilation  for  school-rooms,  the  writer  cannot  say  that 
be  approves  that  modification  of  it  wherein  the  foul  air 
from  tiic  building  is  carried  over  the  fecal  excreta  of  the 
inmates  before  being  discharged  into  the  outlet  shafts  and 
carrie<l  to  the  outer  air.  Though  the  method  rapidly 
desiccates  the  excreta  and  renders  it  inoffensive  to  the 
senses,  there  is  danger  of  the  dissemination  of  disease 
germs  as  well  as  a  departure  from  sanitary  principles  in 
the  method. 

Ample  provision  must  be  made  for  the  rapid  escajie 
and  for  the  safety  of  scholars  and  teachers  in  raise  of  fire 
or  panic.  Fire-drills  should  be  regularly  pmetised  iti 
all  schools  of  two  stories  or  more,  and  presence  of  mind 
inculcated,  that  emergencies  may  be  met  with  safety. 
The  comfort  of  the  child  should  not  be  foi^tten  in  the 
construction  of  the  school-house,  though  preservation  of 
health  is  the  main  aim. 
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School  Quarantine. — Ah  <!ertaiD  diseases  are   codU 
gious,  it  is  necessary  that  bcIiooI  aiitborities  have  the  rig^ 
to  forbid  the  atteDdance  of  such  persons  as  have  been  e 
posed  to  infectiou  until  all  danger  of  transmitting  the  <3 
uase  to  others  is  passed.     This  power  is  usually,  howeverj' 
exerted  only  in  the  case  of  those  diseases  most  dangerous 
to  life  and  health,  though  the  stringency  of  the  rf^ulatious 
varies  at  different  places.     Smallpox,  scarlet  fever,  diph- 
theria, measles,  and  even  whooping-cough  should  always 
be  quarantined,  and  it  would  be  better  to  keep  children 
who  are  afflicted  with  minor  diseases  of  t^\9  class  out  of 
school  till  all  danger  of  infection  is  over,  as  it  is  only  bw~ 
rigid  measures  like  this  that  we  may  finally  be  able  to 
eradicate  those  maladies.    Considerable  evidence  now  sup- 
ports the  view  that  there  is  a  marked  tiecrease  in  the  prev- 
alence of  both  scarlet  fever  and  diphtheria  during  tlie 
summer  holidays  and  an  increase  due  to  school  attendance. 
But  Niven,  of  Manchester,  England,  thinks  that  "  the 
extreme  measure  of  closing  a  school  for  scarlet  fever  is 
rarely  called  for,  and  is  not  so  likely  to  be  effectual  as  i^rji 
the  case  of  measles." ' 

I»cal  boards  of  health  should  make  and  enforae 
rules  looking  to  the  prevention  of  the  spread  of  the 
graver  contagious  diseases,  and  should,  when  necessary, 
close  scliool-buildings  till  all  danger  is  past.  Lincoln 
gives  the  following  as  a  system  of  general  regulations : 
"1.  Persons  affected  with  diphtheria,  measles,  scarlet 
fever,  or  smallpox  (varioloid)  must  be  excluded  from  the 
si'hools  until  ofBcial  pcrmissiou  is  given  by  the  board 
of  health  for  their  readmission.  2.  Persons  living  in  a 
family  or  house  where  such  a  case  otK^urs  are  also  excluded 
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not  to  be  given  until  Bufficieut  time  has  claimed  since  the     ^^| 
owitrrence  of  the  last  case  to  insure  safety,  nor  until  the     ^^| 
prtfmises  liave  been  disinfected  under  the  direction  of  the     ^^| 
Ixiard  of  health.     4.  If  a  child  suffering  from  one  of  the     ^^H 
ubove  diseases  attends  srhool,  the  premises  of  the  school     ^^H 
must  be  disinfected  under  the  direction  of  the  board  of     ^^| 
health  before  tbey  are  used  again.   5.  Physicians,  teachers,       ^^1 
school  officers,  and  school  cliildren  knowing  of  such  cases               1 

of  disease  should  at  once  report  them  to  the  board  of        J 

health.      6.    The  board   should   also   notify   the   school     ^H 
autliorities  of  all  such  cases.     7.  Notice  must  be  sent  to     ^^| 
the   family  by  the   school  authorities,  acting  conjointly      ^^^ 
with  the  board  of  health."                                                                  1 
The  following  table  of  the  iwriods  of  incubation  of  the              J 
respective  diseases   is  basetl  on    an   experience   of  over              1 
twenty-eight  years    at  tlie  Rugby  School,    England,  by      ^^| 
Clement  Dukes.'                                                                          ^^| 

Am  AsALYais  op  the  Pebiow  of  Inchbatiom.                     ^^H 

■StSi' 

Long- 

(d.J'sl' 

The  Inrunt 
dnj-i 

The  mijr>rltr  of 
fQllowIng  d»]r«. 

the«cond*nd 

Srmrlet  frier    . 
rWckenpoi. 
MumiM  .  .  . 

Memda  .... 

12 

K 

fourth" 
Fifleenlh 

SlileCDlb 

Elerenth 

Second  and 

Foorteenth  »nd 
Kienteeoth 

tVentlelh 

10  ont  of  17  - 
I»  per  cent. 

TO  per  «nL 

SOontof  «=- 

TIM  jwr  cl. 
li\f^T  cenC 

'  Lancet,  April  29, 1899. 
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Another  authority  gives  the  following: 


Tabi^op 

THZ  EHUPTIVB   FEVEB8. 

Kwno. 

X^^^.. 

Itt).  of  ruh. 

UiiniKnu  u( 
eruption. 

Dujj^of 

»'"' 

7  IS  i;  <UrS 

g  to  11  dBf  a 

Swond  or  (bird 

Fwrti" 
FlnlorteooDd 

Revoiiirto"(™r- 

IE  iS 

16  to  M  dajri 

1 10  a*«k. 

1  to    S  veclu 
in  fa)  It  dajx 

Soirliilinai. 

Tjphffi  a>n 

Sto  4ir«ki 

Children  hnving  bad  one  of  the  above-named  diseases 
may  return  to  school  with  safety  after  the  following 
periods,  provided  there  has  been  a  thorough  disinfection 
of  their  homes  and  clothing:  "Scarlet  fever>  six  weeka 
fmm  the  dat«  of  roi^h,  provided  desquamation  and  coiigli 
have  ceased.  Smallpox  and  chickenpos,  wiien  every  scab 
has  fallen.  Whooping-cough,  after  six  weeks  from  com- 
menecnient  of  whooping,  provided  the  characteristic  spa&- 
motlic  cough  and  whooping  have  ceased,  or  earlier  if  all 
cough  have  passed  away.  Diphtheria,  not  less  than  three 
weeks,  if  convalescence  is  completed ;  there  being  nn 
li)nger  any  form  of  sore  throat  nor  any  kind  of  dis- 
charge from  the  throat,  nose,  eyes,  ears,  eUi.,  nor  any 
albuminuria."  Wherever  possible,  a  bacteriolt^ical  ex- 
amination of  the  nose  and  throat  secretions  of  a  scholar 
^^^k  that  has  had  diphtheria  should  be  made  from  time  to 
^^^^^k  time,  and  his  return  to  school  should  only  be  permitted 
^^^^^^wlien   this   examination   no   longer   shows   the   presence 

i 


regnrd  tu  Ibe  discrepincy  in  the  above  tablca  nspettitiK  the 
incuhfttion  of  scarlet  foyer  Ifrom  oue  to  twenty-one  days)  the  writcT 
the  flhorter  period  to  be  more  nearly  correct;  also  that  the 
invubstion  period  of  meBsleg  is  freqaently  less  than  tun  days,  aa  in  oco- 
rioBBlly  that  nf  typhoid  Tuver.  Hclapses  may  extend  the  duration  of 
typhoid  fovor  to  much  moro  than  four  weeks. 
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of  the  specific  organism  in  the  secretions  mentioned. 
Rules  and  regulations  like  the  above,  when  promulgated, 
"  should  have  the  force  and  authority  of  law,  and  should 
he  enforced,  if  necessary,  by  tlie  entire  power,  including 
school  officers,  etc.,  of  the  State," 

Boarding-schools  and  eiinilar  institutions  should  have 
an  infirmary  where  contagious  diseases  may  be  isolated, 
and  those  in  chai^  should  make  that  isolation  from  other 
scholars  and  inmates  as  complete  as  possible.  At  the 
beginning  of  a  term  it  may  be  well  to  subject  scholars 
who  have  been  exposed  to  contagion  to  a  p<>3tponcnient 
of  attendance  until  the  probable  period  of  incubation  for 
the  special  disease  is  passed,  the  period  dating  from  the 
time  of  exjwsure.  With  the  above  precautious  it  will 
rarely  be  necessary  to  close  a  school  unless  a  disease  is 
markedly  epidemic  and  malignant. 

It  is  to  Ik  hop»1  that  we  shall  soon  have  a  means  of 
inoculating  persons  against  all  contagious  diseases,  as  we 
now  do  against  smallpox.  At  present,  boards  of  health 
and  school  boards  should  insist  on  the  vaccination  of  all 
school  children.  In  Illinois,  fmm  IS80  to  1883,  the 
deaths  from  smallpox  among  unvaccinated  children  were 
48  per  cent,  of  those  incurring  the  disease ;  among  the 
vaccinated,  only  0.9  per  cent.  In  Philadelphia  all  wlio 
desire  it  are  vaccinated  free  of  charge  by  the  vaccine 
physicians,  and  it  is  compulsory  for  all  school  children. 

Lincoln  has  also  suggested  that  further  regulations 
similar  to  the  following  should  be  in  force  in  every  school 
district :  "  Every  child  entering  the  public  schools  must 
show  a  certificate  from  some  reputable  physician,  giving 
name,  age,  residence,  approximate  date  of  vaccination, 
date  of  examination,  result  of  examination,  the  last  two 
to  be  of  the  physician's  own  knowledge.     The  fact  of 
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vaccioation  must  be  entered  on  the  school  record  ami  on 
lists  for  promotion  and  transfer.  The  school  authorities 
shall  aDDuulIy  report  the  number  of  those  not  protected 
to  the  State  Superintendent  of  E<.1ucation.  School  author- 
ities may  order  the  exclusion  of  non-protected  persona, 
after  snfGcient  notice,  where  they  think  the  measure  re-| 
quired  for  the  public  health.  Re- vaccination  at  the  i 
of  fifteen  may  be  required  under  similar  eireumstanoeak fl 
Those  unable  to  pay  should  be  furnished  with  free  vae 
dnation  by  the  Bchool  authorities.  A  physician's  i 
tificate  of  protection  by  a  previous  attack  of  smallpox  i 
equivalent  to  a  certificate  of  vaccination." 

Contagious  ophthalmia  is  a  disease  of^n  prevalent  I 
charitable  and  educational  institutions  and  occasionall]^ 
in  primary  schools,  and  requires  great  care  to  prevent  ii 
invasion  and  spreading,  as  well  aa  to  effect  a  cure.  Those 
afflicted  with  it  should  be  quarantined  until  there  is  no 
fiirther  discharge  or  till  the  granulations  on  the  inner 
sur&ceof  the  eyelids  have  disapi>eared.  EnfeeWed  health 
and  poor  and  insufficient  food  favor  it^  development,  but 
tlie  chief  menus  of  contagion  is  by  the  use  of  the  same 
wash-basins  and  towels  by  a  number  of  children. 

Other  diseases  that  may  be  transmitted  in  much  the 
same  way  are  chronic  conjunctivitis  ("granular  lids") 
and  those  due  to  fungous  and  other  parasites,  as  the  tineas 
("  ringworm  of  the  scalp  or  face"),  pediculosis,  etc,,  all 
of  which  may  be  transmitted  by  an  interchange  of  hats  or 
caps  or  other  garments. 

School  children  should  not  be  allowed  to  attt^'ud  the 
funerals  of  companions  dead  of  a  contagious  disease,  nor 
should  funerals  be  allowed  to  take  place  from  school- 
houses  under  any  circumstance,  owing  to  the  effect  on 
the  thoughts  and  sensibilities  of  nervous  children. 


CHAPTER    X. 


DISINFECTION. 


As  has  been  stated,  disiofection  is  that  part  of  pro- 
phylaxis which  has  to  do  with  the  destruction  or  modifi- 
catioQ  of  the  exciting  causes  of  disease,  and  we  may 
acoordingly  define  a  dmnfedant  as  "  an  agent  capable  of 
destroying  the  infective  power  of  infectious  material,"  or, 
as  "  an  ugcnt  which  brings  about  tlie  destruction  of  bac- 
teria in  general,  and  more  particularly  of  those  that  act 
as  the  exciting  causes  of  disease." '  Consequently,  as  with 
our  present  knowledge  we  are  practically  limited  in  the 
use  of  disinfection  to  the  infectious  diseases  only,  a  disin- 
fectant must  also  be  a  ffermicide.  Theoretically,  it  should 
also  have  the  power  of  destroying  the  poisonous  proper- 
ties of  the  toxins  which  the  disease  germs  produce,  and 
which  create  the  characteristic  symptoms  of  the  specific 
diseases  ;  but  whether  all  efficient  disinfectants  have  this 
power  is  by  no  means  proved  ;  nor  is  it  altogether  essen- 
tial tliat  tliey  do  have  it,  since  by  killing  the  germs  we 
check  the  further  production  of  the  toxins ;  and  disinfec- 
tants are  mainly  used  not  so  much  to  cure  or  arrest  the 
progress  of  a  disease  in  a  patient  as  to  prevent  its  incur- 
rence by  others.  But,  in  a  popular  sense,  the  term  dis- 
infection is  given  a  wider  meaning  than  is  indicated 
above,  including  not  only  the  use  of  antiseptics  and 
deodorants,  but  also  often  the  actual  removal  of  filth 
and  all  matters  favorable  to  the  growth  or  spread  of 
'  Hatcinstan,  Piaatical  B^giene,  p.  4B8, 
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disease  germs,  ivliicli  is,  strictly  speaking,  a  matter  of 
sanitation.  It  k  needless  to  say  that  the  latter  work  may 
be  part  of  the  prescribed  duties  of  a  disinfector,  but  it  is 
not  one  of'the  essential  functions  of  a  disinfectant. 

It  will  be  well  here  to  make  the  distinction  between 
disinfectants  and  antiseptics  and  deodorants,  as  the  t«rms 
are  often  wrongly  used   interchangeably,  and  there  b  a 
oommun  belief  that  whatever  is  a  deodorant  or  an  anti- 
septic is  also   a  disinfectant.     An   anli«eptii3  is  an   agent 
that   retards  or  arrests   bacterial   growth  and  the  conse- 
qaent  production  of  toxins  or  ptomaTus,  though  it  does 
not  necessarily  kill  the  micro-oi^nisms  themselves ;  and 
though  some  antiseptics  are  germicidal,  others   are  not, 
and  therefore   as   a   class   they  cannot   be  considered  or 
used  as  disinfectants.     But,  on  the  other  hand,  "  agenta 
which  kill  bacteria  in  a  certain  amount  prevent  the  mul- 
tiplication of  the  latter  in  culture-fluids  when  present  in 
quantities  considerably  less  than  arc  required  to  destroy 
vitality."     So,  a  diluted  germicide  may  act  as  an  anti- 
septic and  may  be  used  therefor.     For  instance,  chlorin- 
ated lime,  which  is  a  good  disinfectant  in  solutions  of 
kproper  strength,  may  arrest  further  bacterial  growth  or 
Iction  in  a  mass  of  sewage  or  filth  and  prevent  the  latter 
ictiug    as    a    culture-medium   for   disease    germs,   even 
dthough  the  agent  be  totally  inadequate  in  quantity  to  kill 
bbII  the  micn>K>rgan{sms   present.     In  the  same  way,  it 
rniay  act  as  a  deodoratU — which,  by  the  way,  is  an  agent 
'  that  simply  removes  or  destroys  offensive  odors,  and  is 
not  necessarily  either  a  disinfectant  or  an  antiseptic — both 
by  checking  the  fiirther   action  of  saprophytic   bacteria 
And  the  consequent  formation  of  putrefactive  odors,  and 
by  actually  decomposing  and  oxidizing  those  of  the  latter 
Iready  formed. 
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In  practical  disinfection  it  is  also  well  to  remember 
that  while  masses  of  dead  organic  matter  may  not  in  some 
cases  contain  disease  germs,  and  may  be  even  hostile  to 
them,  in  general  the  reverse  of  tliis  is  more  likely  to  be 
true,  and  decaying  matter  often  furnishes  a  good  field  for 
the  increase  of  pathogenic  oi^nisma.  Moreover,  .the 
noxious  gases  given  off  to  the  air  and  the  poisonous 
products  added  to  a  drinking-water  from  such  masses 
may  also  do  much  harm  by  depressing  the  system,  lower- 
ing the  vitality,  and  acting  as  predisposing  conditions  to 
the  incurrence  of  such  filth  diseases  as  cholera,  yellow 
fever,  typhoid  and  typhus  fever,  diphtheria,  etc. ;  and 
when  time  or  opportunity  does  not  permit  of  the  removal 
of  such  dangerous  accumulations,  their  power  for  harm 
should  be  checkc<l  permanently  or,  at  least,  temporarily 
by  the  use  of  suitable  disinfectants  or  antiseptics. 

But  when  we  are  actually  dealing  with  disease  germs, 
disinfection,  to  be  trustworthy,  must  be  carried  out  to 
the  best  of  our  ability  with  the  means  at  our  command 
and  with  strict  attention  to  the  minutest  details.  "  There 
can  be  no  partial  disinfection  of  infectious  material; 
either  its  infectious  power  is  destroyed  or  it  is  not.  In 
the  latter  case  there  is  a  failure  to  disinfect."  This  is 
because  the  undestroyed  living  bacteria  still  have  the 
power  of  reproduction,  and  may,  within  a  very  short  time 
nnder  favorable  circumstances,  equal  or  even  exceed  the 
□amber  that  was  present  before  the  unsucccsriful  attempt 
at  disinfection  was  made.  In  fact,  our  aim  in  such  pro- 
phylaxis must  always  be  "to  interrupt  all  possible  paths 
of  disease  conveyance,  and  to  exterminate  the  causal 
agent." 

The  knowledge  as  to  the  efficacy  of  any  substance  as  a 
disinfectant  is  obtained  fr'>m  the  accumulated  ex])erience8 
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of  practical  sanitarians  and  fponi  experiments  on  suecc 
tible  animals  and  in  culture-media  in  which  infoctiooi™ 
matter  is  treated  with  the  siibKtance  in  question  or  that  is 
being  tested.  The  knowledge  gained  must  stand  the  test 
of  scientific  deduction,  and  a  substance  is  not  a  disinfect- 
ant simply  because,  in  one  given  case,  infection  did  not 
occur  after  its  use.  To  be  of  value  the  deductions  muHt 
be  made  from  considerable  accumulated  and  practical 
experience.  "  Negative  evidence  should  be  received  with 
great  caution;"  but  if  the  experience  of  practical  sanita- 
rians is  confirmed  by  careful  culture  and  inoculation 
experiments,  our  knowledge  of  the  value  of  any  agent 
more  definite  and  our  practical  work  more  exact. 
From  such  inoculations  and  experiments  it  has  been 
found  that  the  infectious  germs  of  different  diseases  difler 
in  their  power  to  resist  the  dilferent  disinfectants;  but 
nevertheless  it  may  be  stated  that  "  in  the  absence  of 
spores,  n  disinfectant  for  one  is  a  disinfectant  for  all." 
Consequently,  we  are  able  to  simplify  and  classify  the 
agents  at  our  disposal  and  to  make  more  effectual  use  of 
them.  Note  that  there  is  nothing  in  the  tests  mentioned 
that  tends  to  disprove  the  efficacy  of  disinfectants,  what- 
ever the  nature  of  the  infecting  material  and  whether  the 
germ  theory  be  accepted  or  not. 

Some  agents  that  are  powerful  against  all  other  organ- 
isms completely  fail  to  destroy  the  vitality  of  spores, 
and  thus  our  list  of  disinfectants  available  in  ali  eases  is 
still  further  reduced.  In  the  case  of  a  disease  germ  that 
does  not  produce  spores,  as  that  of  cholera,  and  probably 
also  of  scarlet  fever,  smallpox,  yellow  fever,  etc.,  agents 
may  be  used  that  are  powerless  against  spores,  bat  in 
doubtful  cases  only  those  should  be  used  that  1 

iwer  of  spore  destruction. 
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We  may  classify  tlie  disiitfectanta  of  which  we  tiiuy 
make  practical  use  as  either  Uiermal  or  chemical,  tlioiigh 
there  are  undoubtedly  certain  secretions  and  tissues  iu  llie 
body  which  have  the  power  of  destroying  infective  mat- 
ters, giving  each  person  more  or  less  immunity  against 
certain  diseases,  and  these  we  may  term  physiohgieai 
disinfectants. 

There  may  also  be  a  mechaniwl  sterilization,  as  in  the 
separation  of  micro-organisms  from  a  liquid  by  fillnitiun 
or  sedimentation,  or  by  their  physical  removal  from  very 
smooth  articles  by  wiping,  or  from  the  human  skin  by 
thorough  scrubbing  and  washing.  Whether  the  latter 
may  prove  efficient  depends  on  the  smoothness  of  the 
person's  skin,  his  exposure  to  pathogenic  germs,  ami  espe- 
cially upon  the  care  and  thoroughness  with  which  the 
cleansing  process  is  accomplished. 

Thermal  Dismfectanta.— Of  the  thermal  disinfectants, 
fire  is  the  most  efficacious,  as  it  destroys  all  oi^nic  mat- 
ter, but  it  can  only  be  used  to  disinfect  non-combustible 
articles  or  those  that  are  of  little  value  and  that  cannot  be 
safely  disinfected  in  any  other  way.  For  instance,  as  it 
will  usually  cost  more  than  they  are  worth  to  disinfect 
thoroughly  by  other  methods  old  mattresses  that  have 
been  used  in  an  infectious  case,  it  is  best  to  burn  them. 

All  things  considered,  steam  is  prolMibly  the  most  prac- 
tically efficient  disinfectant,  as  it  is  cheap,  easily  Mse<l  and 
manipulated,  and  is  less  liable  to  injure  the  articles  to  be 
dbinfected.  We  employ  it  under  pressure,  when  its  tem- 
perature is  correspondingly  increased,  or  in  the  streaming 
state  (live  steam),  the  latter  being  as  efliciont  as  the 
former,  but  sometimes  r«|uiring  a  little  longer  time.  For 
instance,  steam  at  240°  F.  is  said  to  kill  the  most  resistant 
spores  very  quickly,  and  streaming  steam  at  212"  F.  will 
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produce  tlie  same  effect  u-ittiii)  tliirty  or  forty  minilj 
In  fact,  under  very  favorable  conditions,  probably  few;? 
any,  of  the  ordinary  pathogens  can  withstand  the  teoi- 
pcrature  of  boiling  water  (212°  F.)  longer  than  a  few 
minutes,  but  it  is  always  wise  to  employ  gutticient  time 
and  heat  to  remove  any  possibility  of  doubt  or  duugcr. 
One  should  also  remember  that  ibr  surface  disinfi.'Ptiuii 
streaming  saturateil  steam  is  relatively  much  more  cfficie] 


than  superheated  fiteam,  on  acoount  of  the  great  libenti 
of  latent  heat  when  the  former  condenses,  and  itosHibly 
because  the  latter  tends  to  dry  rather  than  moisten  the 
organisms  and  thus  render  them  harder  to  diainfect.  Spe- 
cial apparatus  for  disinfecting  large  articles  by  steam  is 
now  or  doubtless  soon  will  be  establirthed  in  every  large 
city  and  hospital  by  the  municipal  aiitliorifies  and  others, 
as  a  sanitary  precaution  and  to  prevent  the  spread  of 
epidemics. 


STEAM  DISiyFECTlOX. 

In  steKiD  sterilization,  as  with  all  other  (lif^infetitants, 
the  aim  must  be  to  bring  the  germicidal  agent  into  eontacst 
with  every  part  of  the  iiifeeted  matter;  in  other  wunla, 
to  secure  thurough  penetration.  The  size  and  compact-  \ 
ncss  of  the  articles  to  be  sterilized  accordingly  govern  in 
part  the  duration  of  their  treatment  by  the  steam.  Steam 
under  pressure  is,  of  course,  more  penetrating  than  live 
steam,  and  is  eBi>ecialiy  es[wditioua  when  the  apparatus 


is  90  arranged  that  the  air  can  be  exhausted  from  it  and 
a  vacuum  created  in  the  interstices  of  the  articles  to  be 
disinfected  before  the  steam  is  introduced. 

In  the  large  sterilizers  constructed  for  hospital  or  mu- 
nicipal use  every  precaution  is  taken  to  prevent  the  rein- 
fection of  articles  after  they  have  been  once  sterilized.  The 
goods  enter  the  apparatus  at  one  end,  and  after  the  treat- 
ment are  taken  from  it  at  the  other  end,  being  handled 
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and  delivered  to  their  owners  or  detitinatiou  by  an  entirely 
ditferent  gnjiip  of  employfe  and  conveyances  tliau  ihorie 
coneorned  with  thcra  before  tbe  disinfection.  The  appa- 
ratus is  built  into  a  closed  |>artilion,  which  entirely  sejKi- 
rates  the  two  purt^  of  the  disinfecting  building  and  pre- 
vents any  transmission  of  germs  from  the  infected  to  tbe 
disinfected  side,  especiiilly  as  the  doors  of  the  stiTilizer 
are,  or  should  lie,  so  arranged  that  they  cannot  both  1 
open  at  the  same  time. 

Boiling-point  op  Wateb  under  St 
St««m-preaHurB  Boiling  Umpenlnra.    . 

(poundB).  (F.)  (C.) 

0 212=  100.0° 

5 228=  109.0" 

10 2«"  U5JS» 

16 251"  laJl" 

zeo"       las-S" 

287"  I41.6" 
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In  the  absence  of  spores,  bacteria  are  killed  by  J 
water  even  below  the  boiling-point,  and  it  is  safe  to  f 
that  boiling  for  t*n  or  tifteen  minutes  will  kill  nil  known 
disease  germs,  especiully  if  from  1  to  2  per  cent,  of  wash- 
ing soda  or  a  little  osmmon  salt  (so<liiim  chloride)  I>e 
added  to  tlie  water ;  although  sfwircs  of  cerbun  harmless 
bacilli  are  said  to  have  resisted  boiling  for  several  IwmrR. 
The  addition  of  soda  also  prevcnta  the  rusting  of  iron  or 
steel  instruments,  but  is  likely  to  cause  erosion  of  alumi- 
num articles.  In  the  absence  of  chemical  disinfectants, 
boiling  water  may  be  us«l  to  disinfecr  excreta,  etc ;  and 
all  clothing  worn  by  the  sick  or  the  attendants  upon  the 
*ick  should  be  well  boiled  before  usinp;  again,  whether 
Other  disinfectants  are  employed  or  not, 

Cahen'a  SthIcdi  of  rhyaidotfa  ' 


*  McFkrland  and  Bkbcork. 
^  tMlloi,  vol.  *.,  p.  901. 
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Ihy  heat  is  far  less  penetrating  and  less  eEFective  tbun 
D]oist,  and  must  accordingly  be  used  at  much  higher 
temperatures  and  for  a  longer  time.  At  300°  F.  dry  air 
will  rei^uire  at  least  three  or  ibur  times  as  long  to  do  what 
stntra  at  212°  or  220°  F,  will  do,  and,  murwiver,  it  \a 
very  apt  to  injure  clothing  or  other  organic  materials  cx- 
]H)sed  to  it  at  such  high  t«mpfnituros  fur  so  long  a  time 
as  is  necessary.  Consequently,  it  is  only  tti  be  used  to 
disinfect  articles  that  would  he  Bjtoiled  by  moisture  or 
chemicals,  and  even  then  it  is  better  to  employ  the  "  frac- 
tional "  method  of  disinfection — t,  «.,  exposure  to  high 
temperatures  for  short  })eriods  only,  but  for  a  number  of 
times,  with  sutScieut  intervals  betweeu  tlie  esiwsures  to 
allow  the  development  of  any  spores  that  may  possibly  be 
present. 

Contrary  to  the  popular  opinion,  cold  ia  not  a  positive 
germicide,  or  at  best  ia  but  a  slowly  acting  one.  Typhoid 
germs  have  been  frozen  for  more  than  one  hundred  days 
without  losing  their  power  ft>r  harm,  and  various  micro- 
fii^nisma  have  withstood  the  temperature  of  liquid  air — 
below  — 300'*  F. — for  several  hours  or  days.  However, 
freezing,  especiully  if  intermittent,  is  harmful  to  the  growth 
of  bacteria,  and  they  gradually  decrease  in  number  in  frozen 
material. 

In  this  connection  it  is  not  out  of  place  to  refer  again 
to  the  germicidal  jHtwer  of  light,  csjvecially  sunlight,  and 
tn  its  value  as  an  adjunct  in  the  disinfecting  of  rooms, 
clothing,  etc.  It  is  an  agent  that  may  be  used  progressively 
and  efficiently  in  the  sick-room  tliroiighont  the  course  of 
an  infections  disease ;  and  psychically,  as  well  as  other- 
wise, adds  to  the  cheer  and  comfort  of  the  patient  rather 
than  to  increase  his  dt.«conifort,  as  does  the  use  of  most 
other  means  to  the  same  en<l. 
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Chemical  DiBiofectantB. — H^'gnnling  the  chemical 
diHinfcctjmts,  it  must  be  rfnitmbertid  tliat  it  requires  a 
certain  amount  of  each  to  disinfect  a  given  quantity  of 
bacteria,  and  also  tliat,  with  all  disinfectants,  time  is  an 
important  element,  as  none  act  absolutely  inslantjtneously. 
Heat,  however,  facilitates  and  increases  the  rapidity  of 
action  of  the  chemical  disinfectants. 

Anotlier  caution  to  be  observed  is  that  the  disinfectant 
should  always  be  of  sufficient  stR'ngth  in  the  mixture  with 
infected  mut«rial.  For  example,  if  a  disinfectant  is  only 
eflective  in  1  per  cent,  strength  or  more,  then  at  least  a 
2  jRT  cent,  solution  should  be  added,  volume  for  volume, 
to  the  matters  to  be  disinfected,  and  should  be  thoroughly 
mixed  with  the  latter  iu  order  that  the  germicide  may  be 
brought  into  contact  with  all  the  infective  organisms. 

Cidonnated  Ime  (often  called  chloride  of  lime)  is  one 
of  tlie  best  and  cheaiiest  disinfectants.  It  should  contain 
at  least  35  per  cent,  of  available  chlorine,  shoidd  be  kepi 
covered  from  air  and  moisture,  and  fresh  solutions  should 
always  be  made  as  needed.  Its  power  is  due  to  hypo- 
chlorite of  lime,  which  is  freely  soluble  in  water  and 
readily  decomposes  in  contact  with  organic  matter,  giving 
up  chlorine  gas — a  most  powerful  disinfectant.  "  Germs 
of  all  kinds,  including  the  most  resistant  spores,  are 
destroyed  by  this  solution ;  but  it  must  I>e  remembered 
that  the  disinfectant  itself  is  quickly  di-composed  and 
destroyed  by  contact  with  organic  matter,  and  that  if  this 
is  present  in  excess,  disinfection  may  not  l»e  acc<miplihhe«l, 
especially  when  the  germs  are  embedded  in  masses  of 
material  which  are  left  unacted  upon  after  the  hj-pochlo- 
Tite  of  lime  has  been  all  exhausted  in  the  solution."  La- 
barrnque's  solution  of  chforinn/ed  soi}a  is  a  very  mild 
disinfectant,  but  does  not  keep  well,  and  chlorinated  lime 
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is  equally  as  good  and  onicli  cheaper.  However,  the  soda 
si)liilion  has  scarcely  any  disagreeable  odor,  and  makes  a 
pleasant  disinfecting  bath  for  the  person.  The  ofBcial 
solution  must  contain  at  least  3  per  cent,  of  available  chlo- 
rine, but  it  may  be  diluted  with  from  two  to  five  parts  of 
water  before  use,  especially  for  bathing. 

Though  probably  effective  against  sporeless  bacteria  in 
somewhat  less  proportions,  solutions  of  chlorinated  lime 
should  be  of  at  least  1  per  cent,  strength  by  weight,  and 
should  be  used  in  excess,  to  allow  for  both  the  dilution  by 
the  mas-s  to  be  disinfected  and  the  exhaustion  of  the  hypo- 
chlorite by  oi^nic  matter. 

Bichloride  of  nu-rcuiy  is  one  of  the  best  germicides  that 
we  have,  and  is  effective  in  comparatively  weak  solutions. 
It  corrodes  metal,  and  so  cannot  be  used  to  disinfect  waste- 
pipes,  etc. ;  and  it  combines  with  and  coagulates  albumin, 
which  interferes  somewhat  with  its  action.  This  coagu- 
lation is  prevented  to  a  degree  by  the  addition  of  a 
small  amount  of  citric  or  tartaric  acid  nr  of  ammonium 
chloride  to  the  disinfecting  liquid.  The  same  result  la 
said  to  be  obtained  if  one  part  of  hydrogen  peroxide 
{fifteen  volume  solution)  Iw  addeil  to  three  parts  of  a  cor- 
rosive sublimate  solution  of  any  strength,  or  by  adding 
common  salt  (0.5  to  1  per  cent.)  to  the  solution.  But  for 
the  above  reason  it  is  better  not  to  use  corrosive  sublimate 
in  disinfecting  fecal  excreta  or  sputum,  as  tliese  always 
contaiu  more  or  less  albumin,  ami  also  because  the  sulphur 
present  in  the  excreta  permits  the  formation  of  a  Buljtlnde 
of  mercury,  which  has  almost  no  power  as  a  disinfectant, 
A  lime  solution  is  better  and  more  certain. 

Bichloride  of  mercury  should  be  used  in  solutions  of 
from  1  in  1000  t*i  I  in  .500  strength  for  onlinarj'  disin- 
fection, though  weaker  preparations  are  sometimes  used 
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in  surgical  cases.  It  ia  especially  valuable  where  a  large 
amount  uf  fluid  is  to  be  freely  used,  but  the  Bolutions 
should  always  be  colored  by  a  little  auiline  dye  or  cupper 
sulphate,  on  account  of  its  poisonouti  properties,  und  the 
consequent  danger  from  its  lack  of  color.  Abbott  cau- 
tions that  the  stains  of  blood  and  feces  on  clotbitig  arc 
rendered  almost  indelible  by  long  soaking  in  bichloriiie 
solutions,  Silver  uitrat«  is  almust,  if  nut  fully,  as  good 
a  disinfectant  as  bichloride  of  mercury,  and  does  not 
coagulate  albumin  so  readily,  but  is  much  morecx^iemsive. 
Varboiic  acid  is  effective  in  the  absence  of  spores,  and, 
according  to  Koch,  should  have  first  place  in  disinfec-tion 
against  the  cholera  germ.  It  is  of  doubtful  value,  how- 
ever, in  cases  of  typhoid  fever,  as  it  is  said  that  the 
typhoid  bacilli  can  be  cultivated  in  a  medium  containing 
0.5  per  cent,  of  carbolic  acid.  Solutions  should  always  i>e 
made  by  first  dissolving  the  acid  in  hot  water,  and  should 
contain  from  2  to  6  per  cent,  of  acid,  the  latter  l>eing 
practically  a  siiturated  solntifm.  The  stronger  solution  is 
especially  valuable  for  the  direct  disinfection  of  human 
excreta  of  all  kinds,  hut  must  be  thoroughly  miKed  with 

kthe  same,  as  carbolic  acid  coagidates  albumin  somewhat, 

while  the  weaker  fluid  (2  or  3  per  cent.)  may  bo  used 

eely  for  the  disinfection  of  clothing  or  the  washing  of 

,  floors,  fiimituro,  etc. 
A  2  or  3  per  oent.  solution  of  a  mixture  of  equal  |>arts 

'  of  carlwilic  and  sulphuric  acids  Is  valuable  for  the  disin- 
fection of  water-closets,  urinals,  etc.,  as  the  latter  acid 
increases  the  effectiveness  of  the  mixture ;  but  it  must  not 

J  be  kept  too  long  in  contact  with  metals  on  account  of  the 

f  TOrrosIvc  action  of  the  sulphuric  acid. 

Solutions  of  the  kreimU  (meta-,  para-,  and  ortho-),  which 
•i*  derive*!  from  coal-  or  woo<l-tar,  and   much  \ 
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carbolic  acid,  may  be  used  for  the  same  purposes  and  in 
about  the  same  strength  us  solutions  of  the  latter.  In  fact, 
trikreml,  whit'h  is  a  refined  combinatiun  of  the  three,  is  two 
or  three  times  as  powerful  a  disinfectant  as  carbolic  ucid, 
and,  in  solutions  of  from  0.5  to  1  per  cent,  strength,  makes 
an  agreeable  and  efficient  disinfectant  for  use  in  surgery 
and  obstetrics,  especially  as  it  does  not  coagulate  albumin 
as  readily  as  do  carbolic  acid  and  corrosive  sublimate.  Aa 
carbolic  acid  and  kresoi  solutions  nre  all  {wisonous,  they 
should  always  be  so  labelled,  although  the  oharact eristic 
odor  serves  as  a  partial  safeguard  to  those  accustomed 
to  it. 

The  kresols  do  not  corrode  metals  and  can  be  used  with 
soaps  and  oils,  both  of  which  features  increase  their  use- 
fulneiH  for  surgiwil  and  other  purposes. 

CreoHn  is  another  coal-tar  product  that  has  some  ger- 
micidal power,  but  b  not  so  efficient  as  was  formerly 
credited.  Being  cheap,  it  may  bo  nsed  freely  for  disinfect- 
ing drains,  stables,  urinals,  and  such  places  where  its 
rather  strong  odor  is  not  objectionable.  It  should  be 
made  up  in  from  2  to  5  per  cent,  strength  in  water,  and, 
l>eing  insoluble,  the  mixture  must  I)e  thoroughly  stirred  or 
shaken  each  time  liefore  use. 

Zinc  ehhride  is  a  good  antiseptic  and  deodorant,  but 
not  a  very  powerful  disinfi-ctant.  A  5  or  10  per  cent, 
solution  will  kill  germs  without  spores, 

Oohhim  bydrale,  when  mixed  with  water  to  make  a 
thin  whitewash  (milk  of  lime),  is  said  to  Iw  a  giMxl  disin- 
fectant, especially  for  excreta,  etc.,  and  is  one  of  the 
cbeapest  and  easiest  to  obtain.  It  should  be  added  to  the 
infectious  matter  in  excess  or  until  the  mixture  is  de- 
cidedly alkaline,  and  will  require  from  one  to  two  hours 
to  disinfect  thoroughly. 
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The  proportion  of  lime  to  water  should  be  about  as  1  to 
4,  equal  pnrtA  being  firat  taken  to  allow  the  slaking  of  the 
lime,  and  the  rest  of  the  water  then  added  and  the  mass 
thoroughly  naixed  by  stirring.  Two  quarts  of  this  mixt^ 
ure  per  day  for  each  person  using  a  cesspool  will  keep  the 
contents  of  the  latter  disinfected  and  free  from  putre- 
factive odors,  provided  its  use  commences  with  the  use  of 
the  cesspool,  or  that  the  prior  contents  have  been  dis- 
infected by  an  excess  of  this  or  a  clilorinated  lime  solu- 
tion,  or  by  an  abundance  of  the  latter  salt  or  quicklime  in 
powder. 

•Siilphaie  of  iron,  which  acta  as  an  antiseptic  to  prevent 
putrefaction,  rather  than  as  a  disinfectant,  may  also  be 
added  to  the  contents  of  an  ofiensive  cesspool  or  one  tliat 
has  received  infected  matter  to  the  extent  of  about  four 
pouuds  for  each  cubic  yanl  of  the  mass.  The  sulphate 
should,  of  course,  be  thoroughly  dissolvetl  before  using. 

An  extremely  valuable  disinfectant  for  local  or  topical 
applications  to  the  person  U  hydrogen  peroxide  or  dioxide 
(H,Oj).  It  18  harmless,  even  when  taken  internally ;  is 
effective  in  comparatively  weak  solutions,  and  is  especially 
active  in  the  destruction  of  pus  organisms.  It  is  usually 
supplied  in  the  form  of  a  15  per  cent,  solution  in  water 
and  at  present  only  its  high  cost  prevents  its  more  ex- 
tended use. 

Until  the  discovery,  in  1892,  of  the  great  disinfecting 
power  of  formaldehyde  or  formic  aldehyde  by  Trillat  and 
Aronson,  about  the  only  gaseous  disinfectants  of  praeticat 
value  were  chhrine  and  gidphur  dioxide. 

Of  these,  chlorine  is  the  most  powerful  and  efficient, 
but  the  distressing  and  oftentimes  serious  symptoms  which 
it  produces  when  accidentally  inhaled,  and  the  hlea«hing 
effect  that  it  has  upon  many  articles,  have  both  tended  to 
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prevent  its  commoQ  employment.  Like  the  sulphur 
dioxide,  it  acts  beat  in  the  presence  of  moisture,  and 
therefore  steam  should  be  simultiuKiOUBty  introduced  and 
liberated  in  the  room  or  euclosurt!  in  wbieh  either  of  these 
disinfectants  is  used.  Sufficient  chlorine  for  1000  cubic 
feet  of  space  nuiy  be  generated  by  carpfuUy  pouring  two 
fluidounees  of  strong  sulphuric  acid  and  three  fluidiiunces 
of  water,  previously  mixed  and  cooled,  ui>on  eight  ouucea 
of  Bodium  chloride  (common  saU)  and  two  ounces  of  man- 
ganese dioxide.  The  acid  must  bo  added  to  the  water 
little  by  little  and  with  care,  and  the  salt  and  manganese 
should  be  In  an  earthen  vessel  upon  a  bed  of  sand,  to 
prevent  injury  to  the  floor  or  carpet.  Moreover,  as  the 
chlorine  gas  is  very  heavy,  the  generating  apparatus 
should  be  at  as  high  a  level  as  possible  in  the  room  to  get 
even  fair  diffusion. 

Sulphur  dioxide  (SO,),  though  not  so  positive  in  its 
action  as  chlorine,  ia  more  frequently  employed  on  account 
of  the  leaser  risk  and  trouble  connected  with  it.  It  prob- 
ably kills  germs  not  containing  spores  if  sufBciently  con- 
centrated and  in  the  presence  of  moisture,  and  is  therefore 
useful  in  the  fumigation  uf  rooms  and  of  articles  that  can- 
not be  subjected  to  steam  heat  or  chemical  solutions.  But 
it  will  bleach  or  tarnish  many  articles,  and  for  this  reason 
and  the  fact  that  it  ia  much  inferior  to  formaldehyde,  it 
will  hereafter  probably  be  almost  entirely  supplanted  by 
the  latter  whenever  that  can  be  obtained. 

To  secure  sufficient  concentration  at  least  three  pounds 
of  sulphur  should  be  burned  for  every  1000  cubic  feet  of 
air-space. 

The  sulphur  should  be  well  moistened  with  alcohol, 
unless  the  prepared  sulphur  candles  now  on  the  market 
are  used,  and  allowance  should  be  made  for  a  considerable 
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proportion  that  ia  usimlly  not  burned.  Care  must  also  be 
had  to  guard  ag;aiust  setting  fire  to  tfie  room  from  the 
Bpiitteriiig  of  the  sulphur,  and  especially  to  liave  present 
in  the  atmosphere  an  abundance  of  ai^ueoiis  vapor. 

Before  the  fumigation  of  a  room  with  dilorine  or  sul- 
phur dioxide,  or  with  formaldehyde,  all  apertureu  anc] 
crevices  in  the  walls,  ceiling,  or  floor  should  be  carefully 
closed  from  the  outride,  to  maintain  the  gases  in  as  con- 
centrated a  state  as  p*i8aible  during  the  process,  which 
should  continue  for  at  least  twenty-four  liouru  in  the  case 
of  chlorine  or  sulphur  gas,  and  for  not  less  than  twelve 
hours  with  formaldcliyde.  After  the  fumigation  the  room 
should  be  thrown  open  and  well  ventilated,  and  then 
thoroiighly  cleansed  with  a  corrosive  sublimate,  carbolic 
acid,  or  hot  soda  solution,  n  4  per  cent,  solution  of  the 
latter  being  not  only  cleansing,  but  strongly  disinfectant 
as  well. 

Sulphur  gas  excels  formaldehyde  in  the  destnietion  of 
such  vermin  as  roaches,  bedbugs,  fleas,  flies,  and  mns- 
quitoea,  and  may  be  preferred  to  the  latter  or  used  as  an 
adjunct  to  it  where  there  is  danger  of  infection  being 
transmitted  by  these  agents.  Likewise,  it  may  be  used  to 
destroy  larger  animals,  such  as  rats  and  mice,  that  we  now 
know  may  be  carriers  of  various  disease  germs. 

Forma Itlfhytle  (formic  aldehyde),  both  in  its  gaseous 
state  and  in  solution,  is  undoubtedly  one  of  the  Iwst  and 
most  efficient  disinfectants  now  in  use.  It  has  consider- 
able penetrating  power,  although  less  than  eteam  or  than 
was  claimed  for  it  at  Hrst  by  its  more  enthusiastic  advo- 
cates,  while  for  surface  disinfection  it  acts  almost  imme- 
diately. It  is,  therefore,  much  lietter  in  this  respect 
than  chlorine  or  sulphur  dioxide,  already  mentioned,  and 
Irhere  it  is  properly  used,  only  such  articles  aa  bcdiliug, 
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mattresses  and  pillows,  that  can  be  better  treated  with 
steam,  need  be  removed  from  ao  infected  apartment. 
Clothing,  rugs,  hangings,  etc.,  tliat  can  be  freely  exposed 
to  it  are  quickly  sterilized.  Another  important  feature  is 
that  it  does  not  bleach  nor  act  destructively  on  either  cloth- 
ing or  furniture,  and  that,  although  it  is  quite  irritating  to 
the  conjunctiva  of  the  eyes  and  to  other  mucous  metn- 
braiies  when  concentrated,  it  ia  virtually  non-poisonous. 

Formaldehyde  is  readily  absorbed  and  held  in  solntioD 
by  water  to  the  estont  of  40  per  cent,  by  weight  of  tlie 
latter,  but  as  soon  as  this  proportion  is  exceeded  there  is 
a  polymerization  of  the  gas  and  a  solid  (paraformalde- 
hyde or  paraform)  is  precipitated,  which  is  only  resolved 
again  into  formaldehyde  at  a  temperature  of  275°  P. 
The  40  per  cent,  solution  is  practically  identical  with  the 
prepuration  which  is  commercially  known  as  formalin, 
which  has  usually  an  addition  of  10  per  cent,  of  methyl 
alcohol  to  guard  further  against  precipitation.  Very 
weak  solutions  (1  or  2  per  cent.)  of  the  gas  are  still  effec- 
tively disinfectant,  while  its  virtue  as  an  antiseptic  persists 
even  when  the  dilution  is  carried  to  a  remarkable  degree. 

One  peculiar  effect  of  the  solutions  is  that  of  rendering 
connective  tissue  and  all  gelatinous  snltstances  insoluble 
in  either  hot  or  cold  water,  and  it  is  probably  to  this  that 
its  germicidal  activity  is  largely  due,  since  the  food-supply 
of  the  bacteria,  if  not  the  substance  of  the  latter  them- 
selves, is  partly  of  this  nature.  For  the  same  reason  it 
hardens  and  disagreeably  roughens  the  skin,  which  tend 
to  prevent  its  use  for  topical  applications  to  the  hunian 
body. 

Several  methods  have  been  devised  for  the  pro<luction 
or  liberation  of  formaldehyde  in  rooms  and  buildings 
in  such  volume  as  positively  to  secure  both  surface  and 
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penptrativc  disinfection.  Oue  of  the  first  devised 
best  methods  iiivolvea  the  heating  and  vajwrizing  of  KM 
solution  ui'  the  gas,  Huch  as  furmalin  or  formochlorai,  the 
latter  a  mixture  of  the  former  with  calcium  chloride. 
For  instance,  in  TrilUt'a  apparatus  the  latter  solution  is 
used,  the  calcium  chloride  being  added  to  insure  further 
against  the  precipitation  of  paraform.  A  simpler  device, 
calle<l  a  regenerator,  allows  the  formalin  to  flow  in  a  tine 
stream  thn)Ugh  a  oiipjtcr  coil  heated  Ut  redness  by  a  flame 
beneath,  the  gas  and  vupur  then  passing  directly  into  the 

Flo.  54. 


room  in  a  superheated  and  effective  condition  ;  and  in  other 
apparatus,  like  the  Novy-Waite  and  Trenner-Lee  genera- 
tors, there  is  special  provision  for  the  rapid  evolution  of 
the  gas  at  high  temperature,  and  to  prevent  its  poly- 
merization. Both  of  these  methods  have  the  advantage 
that  the  apparatus  may  be  operated  outside  of  the  room 
to  be  disinfected,  and  the  action  accordingly  controlled  ; 
also  that  the  amoinit  of  gas  liberate*!  depends  directly 
upon  the  strength  and  quantity  of  the  solution  evaporated. 
Id  the  Schering  method  the  solid  paraform  ts  heated 
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in  a  receptacle  over  an  alcohol  lamp,  the  volume  of 
resulting  formaldehyde  depending,  of  course,  upon  the 
amount  of  paraform  used.  This  method  has  yielded  some 
excellent  results  experimentally,  and  is  of  special  value 
in  disinfecting  small  rooms,  closets,  and  sterilizing  cases 
for  instrumenU,  dressings,  etc. 

The  gas  may  also  be  liberated  in  a  room  by  spraying 
formalin  from  a  properly  constructed  compressed  air  or 
steam  atomizer,  or  by  evaporating  it  from  saturated  sheets 
hung  about  the  room. 

Formerly  the  most  common  form  of  apparatus  was  that 
devised,  in  the  form  of  a  portable  lamp,  to  develop  the 
gas  directly  by  the  oxidation  of  methyl  alcohol,  the 
vapors  of  the  latter  being  made  to  pass  over  or  through 
tubes  or  coils  of  heated  platinum,  and  to  be  thus  converted 
into  the  disinfectant  gas.  Considerable  formaldehyde  can 
doubtless  \w  producetl  in  this  way,  but  with  most  apparatus 
of  this  kind  the  amount  at  any  time  is  uncertain  and  the 
results  indefinite,  since  part  of  the  alcohol  vapors  are 
polymerized  and  juirt  are  further  oxidize<l  into  compounds 
such  as  carbon  monoxide  and  carbon  dioxide.  Therefore, 
with  such  ap])iirattis,  this  method  is  only  to  be  advised 
for  comparatively  small  apartments  or  enclosures,  and  not 
where  certainty  of  disinfection  is  important. 

However,  these  objections  have  been  overcome  in  the 
Kuhn  generator,  which  is  simple  and  positive  in  opera- 
tion and  manipulation,  and  has  been  proved  efficient  and 
reliable  under  severe  tests.  In  this  generator  the  vapor  of 
alcohol  pa.-ises  between  two  cones  of  heated  platinized  as- 
bestos, one  of  which  is  so  arranged  as  to  act  as  n  deflector, 
thas  preventing  extreme  and  concentrated  heat  being 
thrown  directly  on  the  surface  of  the  vessel  containing  the 
wood  alcohol.      Any  alcoholic  vapor  which  escapes  the 
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action  of  these  platinizitl  cuues  is  tiicn  subjected  tn  sue- 
cossive  [>a8i^e  tiinjugli  five  disks  or  layers  of  plutinizcd 
wire,  commercially  known  as  No.  20  mesh,  or  containing 
4CH)  liperiinga  to  the  stjuare  inch.  In  this  way  the  alcnhul 
is  brought  into  thorough  contact  with  a  platinized  surface. 


^^         cent,  ol 
^^^       SchloBsi 


Mcxlifled  Nory-WalW  fOrmaWehj'dc  fenenttor. 

and  the  result  is  a  much  more  complete  convemon  i 
formaldehyde, 

Abbott  states  that  he  has  "  obtained  the  most  satis&o- 
tory  results  through  the  use  of  formalin  to  which  10  per 
cent,  of  glycerin  hart  been  added,  as  reconimendod  bv 
Schlossmann ;  and  through  the  employment  of  a  generator 
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after  the  plan  of  that  a<lvis«I  by  Novy  and  Waite.  Ib 
these  teats  we  foiiiid  that  80  per  cent,  of  all  exi>OBed  in- 
fected objects  in  a  room  c-ould  bti  disinfected  when  500  c.e. 
of  the  formalin  glycerin  mixture  per  1000  cubic  feet  of 


Lm  tbnnalilehTdo  eencralor. 


air-space  was  completely  evaporated  and  the  room  kept 
closed  for  three  or  four  hours.'" 

In   the   other    apparatus  one   pound   of   formalin   or 
formochloral,  from  50  to  75  of  Sclierlnp's  paraforra  tab- 
lets, or  a  quart  of  methyl  alcohol  are  to  be  respectively 
■  Hygiene  of  TrnuBmiHible  DiieaBee,  1S8<J,  p, 
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iisrti  fiir  each   1000  cubic  feot  of  air-space  to  be  (Jisi'd- 
fectcl.' 

Whenever  fornialdehyde  is  employed  as  a  gas,  all  iLe 
apertures  ia  tbe  room  should  be  carefully  and  tightly 
clofe<l,  since,  having  the  same  specific  gravity  as  the  iiir, 
its  ditf'usion  takes  place  rapidly.  Moreover,  after  a  suffi- 
cient volume  of  the  gas  has  been  liberated,  it  should  be 


The  Kiihu  ronnaldehyde  genenvtor, 

allowed  to  act  as  long  as  possible,  preferably  for  twelve 
houni  at  least,  and  better  for  twenty-fimr,  since,  though  it 
is  more  rapid,  the  time  element  la  just  as  important  a 
&clor  with  this  ns  with  other  <lisinfectanta.  Fliigge  thinks 
>  Sm  also  V,  S.  Quiinititiu»  BcguLttloDi,  an  quoted 
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we  obtain  good  results  if  90  per  cent,  uf  the  disease  germ^  ' 
present  are  killed  by  the  fyrmul.leliyde  fumigation. 

Lastly,  the  gas  is  an  esc-ellent  deodorant,  combining  as 
it  does  with  the  effluvia  from  decomjwsing  substances  to 
produce  odorless  comiiouuds.     Its  odor,  in  turn,  amy  be 
quickly  dissipated  from  a  room  by  evaporating  a  little  i 
ammonia  therein. 

The  following  table  of  Koch  and  Jaeger  is  added  to 
show  the  companitive  disinfectant  strength  of  some  sub- 
stances occasionally  used  for  the  purpose : 


IHtinfrtliat 
llrhlorlde  of  mere 


Silver  nllnta  . 


Acid,  bydrooblorlc  . 


imcbloride     ■  . 
i.  pennuiguiate 


AiilhniK  sjio™ 


Authnx  ipnrcs  b 

Anllitsx  ipnTi^s 

Anthrax  sporta 
AdIIitui  aporua 
Cbolcm 

SUphytoccKHniB  and  i 
iitreplococcuB  pyog.  f 

(N'earlf   aU   palho-1    t 
'     senic  germs         I    » 


In  any  case  of  infectious  disease  special  attention  should 
be  given  to  disinfecting  the  excretions  and  secretions 
which  are  known  to  be  most  likely  to  contain  the  disca.W 
germs,  viz.,  the  desquamating  epithelium  and  likewise  the 
renal  secretion  in  measles,  scarlet  fever,  and  all  the  exan- 
themata; the  dejecta  and  urine  in  typhoid  fever,  cholera, 
tropical  or  infectious  dysentery,  and  in  tuberculosis   of 
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thi;  iotefitinal  or  geni to-urinary  tract;  the  sputum  in 
tuberculosis  of  the  limgs  awl  air-pussag(«,  and  iu  id- 
tiuGuza,  pueumunia,  and  diphtheria;  secrL'lions  from  the 
thnut  and  nusc  in  diphtheria,  scarlet  fever  and  measles ; 
discharges  from  abecessea,  suppurating  or  gangrenous 
wounds,  etc. 

During  the  course  of  the  illness  there  should  be  no 
more  communication  than  is  absolutely  necessary  l>*?tween 
the  occu])nnts  of  the  sick-room  and  lliuse  in  the  nut  of 
tbe  house,  and  a  sheet  should  be  hung  at  the  door  and 
kept  moist  ivtth  some  disinfecting  solution,  as  this  will 
largely  prevent  the  escape  of  infected  dust  particles 
through  the  doon\ay.  All  articles  going  from  the  room, 
whether  dishes,  clothing,  or  footl,  should  be  submerged  iu 
a  disinfectant  or  covered  with  a  cloth  wet  with  it,  and 
should  be  burned,  boiled,  or  otherwise  disinfected  as  soon 
as  possible  thereafter.  Excreta  slioidd  be  disinfected  as 
soon  as  discharged  from  the  lH>dy,  but  should  not  Ik* 
emptied  into  a  water-closet,  sewer,  or  cesspool  till  the  dis- 
infectant has  had  ample  time  to  do  its  work,  at  least  one 
hour  itcing  given  for  this  action.  Ventilation  should  be 
as  perfect  as  possible  ;  sunlight  should  l>e  admitted  when- 
ever it  will  not  injure  or  annoy  the  jMitient,  and,  above 
all,  cleanliness  in  every  respect  should  be  insisted  upon  us 
being  most  essential. 

The  dress  of  the  nurse  or  attendant  should  be  such 
that  dust  and  germs  do  not  n-adily  adhere  to  it  and  that 
it  may  readily  be  disinfected  and  cleantil,  the  cotton  uni- 
forms of  a  hospital  training  school  being  almost  ideal  in 
this  respect.  If  this  were  in  the  form  of  an  overgarment 
that  could  readily  be  slipped  off  when  the  nurse  has  to 
leave  the  sick-room,  there  would  l>e  an  additional  clement 
of  safety,  just  as   there   will   be   if  there   is   provided 
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something  like  a  lung,  ol<l-fash!one<l  linen  "  duster "  for 
the  casual  visitor,  whether  physician  or  parent,  to  slip  on 
wheo  entering  the  room.  The  nurse  should,  of  course, 
l^ntlio  not  ouly  the  patient  but  herself  as  well  with  diHin- 
feetant  solutions,  such  as  Labarraque's  (diluted),  carbolic 
ai'id,  or  trikresol ;  should  destroy  at  once  all  ix)ssiblo  infec- 
tion coming  from  the  patient,  and  at  least  every  other  dny 
should  wipe  with  a  cloth  dampened  in  a  disinfectant  all 
window-sills,  tables,  and  other  horizontal  surfaces  ujKin 
which  dust  and  the  attached  germs  continually  settle.  A 
closet  witii  a  close-fitting  door  may  be  made  to  serve  as  a 
good  disinfecting  chamber  for  garments  that  are  not  in 
immediate  nw,  as  a  few  ounces  of  formalin  sprinkled  on 
the  garments  themselves  or  a  few  paraform  tablets  burnefl 
in  one  of  the  Sobering  lamps  will  quickly  sterilize  the 
contents  of  the  closet  without  serious  discomfort  to  the 
occupants  of  the  adjoining  room. 

It  is  taken  for  granted  tliat,  if  jMissible,  before  the  ocen- 
[lancy  of  the  room  by  the  sick,  all  upholstered  furniture, 
heavy  drapery,  and  everything  not  absolutely  necessary 
were  removed  from  the  room.  Even  the  carjiet  should 
be  taken  up  and  rugs  used  temporarily  in  its  place.  If 
this  is  done,  the  work  of  disinfecting  the  rotim  after  it 
is  no  longer  needed  l>y  the  patient  will  be  greatly  facili- 
tated. 

Where  the  use  of  formaldehyde  is  not  available,  the 
final  disinfection  shoidd  be  carried  out  as  foll<iws:  All 
bed-clothing,  etc.,  should  be  either  suhmergefl  in  some 
disinfectant  solution  or  in  boiling  water,  or  else  covered 
with  a  sheet  wet  with  a  disinfectant,  and  boiled  as  soon 
as  possible  thereaAer,  No  clothing  should  be  sent  away 
from  the  house  to  be  laundered.  Bed-qnilts,  blankets, 
mattresses,  etc.,  should  be  subjected  to  steam  sterilization 
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if  possible ;  if  not,  tlic  bltiiikete  and  quilts  stinuld  be 
carefully  sterilized  by  boiling,  and  tbe  mattresses  would 
better  be  burned,  tliough  they  may  be  disinfecteil  inter- 
nally by  the  intniduction  of  formalin  or  formaldebyde  gas. 
The  carjwt  or  rugs  should  be  carefully  taken  up,  isirried 
to  an  0])(>n  space,  well  beaten,  and  then  hung  in  the  open 
air  for  a  time,  provided  they  cannot  be  sent  at  once  to 
some  place  where  steam  sterilJKation  is  available.  All 
furniture  and  the  woodwork  of  the  room  should  be 
washed  with  corrosive  sublimate  solution  (1  to  1000 
or  500),  taking  care  to  get  the  fluid  into  all  crevices. 
The  floor  may  be  scniblxKl  with  lye  or  hot  soda  ^ution 
(4  per  cent,),  and  then  mopj>ed  and  flo<ideil  with  a  corro- 
sive sublimate  solution.  The  walls  should  also  be  wiped 
with  cloths  wrung  out  of  this  solution,  and  any  paper  ujioa 
them  removed  before  fumigation,  unless  it  Ik?  new  and 
free  from  cracks.  Or  the  walls  may  be  ruhlted  down 
with  crumbs  of  bread  and  the  latter  burueil,  as  the  bread 
contains  much  gluten,  to  which  the  dust  and  Ijneteria 
adhere.  Fumigation  with  chlorine  or  sulphur  dioxide  ia 
usually  of  somewhat  doubtful  efficiency  unless  consider- 
able attention  is  given  to  the  detnils.  If  it  Lj  employet), 
it  should  be  done  first,  before  the  bedding,  etc.,  is  removed 
and  the  walls,  floors,  woodwork  are  wiped  or  washed,  and 
all  openings  from  the  riHim,  cnicks,  crevices,  etc.,  shoidU 
lie  closed  on  the  oiitaide,  and  sufficient  gas  (chlorine  or 
sulphurous  acid)  liberated  by  suitable  means.  The  vessels 
containing  the  gas-generating  Bul>staDces  should  \k  placed 
in  larger  vessels  containing  water  to  avoid  the  danger  of 
fire,  and  vapor  of  water  should  be  liberated  in  some  way 
simultaneously  with  the  gas,  say  by  placing  hot  bricks  or 
the  like  in  the  water,  or  else  water  should  be  sprayed 
freely  from  an  atomizer  over  everytliing  in  tlie 
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neither  chlorine  nor  sulpburous  acid  has  much  disinfect- 
ing value  except  in  the  presence  of  moisture,  and  the 
effect  of  funualdehyde  is  much  enhanced  by  it.  The 
room  sliould  then  remain  closed  for  twentj--four  hours, 
and,  lastly,  should  be  well  ventilated  for  a  day  or  two 
lK:fore  being  furnished  and  occupied  again. 

Should  it  be  possible  ta  use  formaldehyde,  the  disinfec- 
tioa  is  much  simplified,  and  is  to  be  carried  out  in  the 
way  already  indicated ;  but  whatever  the  gaseous  disin- 
fectant employed,  it  should  always  be  followed  by  the 
washing  or  wiping  of  walls,  ceilings,  fl<x)r,  and  all  exposed 
surfaces  with  a  disinfectant  solution,  and  by  the  steam 
sterilization  or  boiling  of  all  removable  articles  where- 
ever  possible.  lu  fact,  it  should  be  remembered  that 
no  one  of  these  processes  will  in  any  probability  destroy 
all  the  infection,  but  that  each  must  be  carried  out  with 
conscientious  thoroughness  and  strictest  attention  to  detail 
in  order  to  secure  tiie  greatest  measure  of  success. 


In  the  roregoinf;  chapter  the  author  <s  iDuch  indebted  to  A.  C.  Abbott's 
Hyiclenc  or  Traiismbslble  Di»i«UH»  fnr  ADthnritatlve  And  ap-tn^ale  in- 
rurniatioQ  as  to  the  value  or  the  agntitK  and  methods  or  iufection.  and  tha 
ruuder  is  roferrod  to  tbia  work  for  an  ubuadance  of  detail  which  the 
limits  of  the  prcBODt  volatne  do  not  permit. 


CHAPTER    XI. 

QL'AKANTINE 

Quarantine  may  be  describt-d  as  tlie  methods  and  I 
measures  imposed  by  a  government — local,  State,  ot  ng'  1 
tional — to  prevent  the  introductiun  of  infectious  disease  J 
into  the  country  or  from  one  locality  to  another.  Althongli  | 
the  term  in  itself  is  misleuding,  Iteing  derived  from  the  ] 
Italian  quaranfe  (forty),  and  signifying  tlie  period  of  [ 
detention  of  the  first  Venetian  quarantines,  it  is  now  I 
generally  taken  to  indicate  the  entire  routine  of  inspeo-  J 
tinn,  disinfection,  and  detention,  without  regard  to  the  [ 
length  of  time  involved. 

While  all  civilized  nations  have  from  the  earliest  tim 
recognised  the   importance  of  separating   those   afflicted 
with  epidemic  disease  fmm  the  well,  the  development  of 
the  idea  and  practice  of  quarantine  has  necessarily  been 
consequent  upon   the  gniwth   of   etimmerce;   and  white 
there  had  practically  always  been  isolation  for  lepmgy, 
the  first  quarantine  enactments,  in  our  meaning  of  the  ] 
term,  were  put  in  force  in  Venice  about  the  beginning  of  ] 
the  fitleenth  century  as  a  harrier  to  both  the  black  and 
the  Egyptian  plague.     Then  it  was  realized  that  epidcmio 
diseases  were  transmitted  by  those  attacked,  a  bureau  of   | 
health  and  a  lazaretto  were  established,  the  effects  of 
those  who  died  of  the  plague  were  destrmed,  and   the 
period  of  detention  of  incoming  vessels,  passengers,  and  [ 
cargoes  was  fixed  at  fori^  days,  the  idea  being  that  this  1 
period  was  in  itself  more  or  less  mystic  and  salutary. 
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the  whole     ^^H 
incrcasefl,     ^^H 


HISTORY  AND  PURPOSE  OF  QUARANTiyS. 

As  time  went  on  and  the  plagiie  spread  over 
of  Europe,  the  number  of  lazarettos  was  lai^ly 
especially  in  the  eighteenth  century.  Of  these,  the 
at  Marseilles  became  the  most  noted,  not  only  because  it 
was  located  at  one  of  the  most  important  porta  of  the 
Mediterranean,  but  because  of  its  excellent  care  and  man- 
agement. Thanks  to  tlie  increased  efficacy  of  quannitine 
and  otlier  sanitary  regulatiims,  as  the  knowledge  concern- 
ing them  developed,  the  plague  rapidly  subsided  soon 
after  the  beginning  of  the  last  century,  and  interest 
in  it  was  supplanted  by  that  in  relation  to  the  frequent 
epidemics  of  cholera  and  yellow  fever  that  began  to  alarm 
the  civilized  world,  and  it  is  to  prevent  the  ingress  of 
tliosc  latter  diseases,  together  with  leprosy,  smallpox,  and 
typhus  fever,  that  the  present  quurantine  regulations  are 
in  the  main  devised. 

Witli  the  knowledge  already  gained  reganhng  tlie 
nature  and  causes  of  infectious  diseases,  their  periods  of 
incubation,  etc.,  it  is  at  once  evident  that  it  will  l>e  neither 
necessary  nor  wise  to  fix  upon  a  prolonged  and  arliitrary 
time  during  which  vessels  or  passengers  must  l>e  detained 
in  quarantine.  All  that  is  needed  is  that  the  proper  in- 
specting officers  shall  be  eati^fied  that  there  is  no  danger 
of  infection  entering  the  country,  and,  where  any  deten- 
tion is  necessary,  it  is  only  for  so  long  as  will  suffice  for 
the  disinfection  of  tlie  vessel,  eai^,  and  passengers'  effi'cts, 
and  to  cover  the  period  of  incubation  of  the  suspecte*! 
disease. 

The  present  quarantine  laws  of  the  United  .Slates,  and 
the  latest  regulations  of  the  Treasury  Department  based 
upon  them,  are  especially  designed  to  afford  the  greatest 
possible  protection  to  the  country  against  the  importation 
of  disease  with  the  least  possible  detention  of  incoming 
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vessels  and  passengers.  An  important  innovatioa  that 
fuuilitatiBS  both  these  ends  has  been  the  e^tablishnieiit  n( 
qiiamntine  iu  foifign  lands,  as  it  were,  viz.,  the  im^pec- 
tion  and,  if  necessary,  disinfection  hy  officers  of  this  gov- 
ernment of  all  vessels,  passengers,  and  cargoes  laiving  a 
foreign  port  for  any  jwrt  of  tlie  Unitetl  States.  This 
Lodoubtitlly  greatly  diminieheB  the  danger  of  the  iniro- 
duction  of  any  contagious  disease;  but  iu  addition,  tliere 
is  that  section  of  the  law  that  provides  that  the  President 
may,  whenever  the  condition  of  afiairs  sliall  seem  to  war- 
rant it,  "prohibit,  in  whole  or  in  part,  the  introduction 
of  persons  and  property  from  such  conntries  or  placfs  as 
lie  shall  designate  and  for  sncL  j>eriod  of  time  as  he  shall 
deem  necessary." 

Accordingly,  every  vessel  clearing  from  a  foreign  port 
for  this  country  mnst  obtain  from  the  United  States  con- 
sular officer  of  the  port,  or  from  the  medical  officer  ap- 
pointed for  the  pnrpose,  a  bill  of  health,  "setting  forth 
the  sanitary  history  and  condition  of  said  vessel,  and  that 
it  hu.s  in  all  respects  complied  with  the  rules  and  regula- 
tions in  such  cases  prescribed  for  securuig  the  best  sani- 
tary conditions  of  the  said  vessel,  its  cargo,  passengers, 
and  crew."  Before  signing  the  bill  of  health  the  consular 
medical  officer  mnst  be  satisfied  that  the  conditions 
,fied  to  therein  are  tnie,  and  must  |HTsonally  inspect 
all  vessels  from  ports  at  which  cholera  prevails,  or  at 
icli  yellow  fc\'er,  smallpox,  or  typhus  fever  prevails 
epidemic  form,"  and  "all  vessels  carrying  steerage 
gers."  Moreover,  the  vessel  must  be  clean  in  all 
irta  before  taking  on  cither  passengers  or  crew,  and 
parts  liable  to  infection  most  be  disinfected  if  any 
;iou9  disease  has  occurred  f>n  the  last  voyage.  The 
ing  provided   for  steerage   passengers  must  also  be 
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destroyed  or  el.sc  disinfectcfl  Ixjfort;  Iwing  used  on  another 
voyage. 

The  regulations  also  indicate  what  kind  of  car^,  com- 
ing from  or  tlirongli  infected  districts,  may  or  may  not  be 
Bliipped,  and  what  kinds  mii»t  invariably  be  digiofected 
under  any  urcumstances. 

As  to  the  passengers,  while  they  are  divided  into  two 
classes,  cabin  and  steerage,  no  person  Huffering  from 
cholera,  smallpox,  yellow  or  typhoid  fever,  scarlet  fever, 
measles,  or  diphtlieria  is  allowed  to  ship ;  nor  should  pas- 
sengers ship  from  an  infected  jwrt.  Steerage  passengers 
and  crew  who  have  been  exposed  to  smallpox  must  be 
vaccinated  before  shipping  udIuss  tiioy  can  yliow  proof 
of  immunity  hy  former  attack  or  satitifactory  vaccination. 
If  the  steerage  passengers  and  crew  have  been  exposed  to 
lyplius  fever  infection,  they  may  not  embark  until  four- 
teen days  after  sucb  exposure  and  the  disinfection  of  their 
ba^age,  while  steerage  passengers  from  cholera-infected 
diatricl6  must  be  detained  in  suitable  quarters  for  five 
days,  "  the  said  period  to  begin  only  after  the  bathing  of 
the  passengers,  disinfection  of  all  their  baggage  and 
apparel,  removal  of  all  food  brought  with  them,  and 
isolation  from  others  not  so  treated."  The  same  ruh's  as 
to  detention  and  disinfection  are  to  be  applied  to  those 
coming  fntm  places  where  the  plague,  yellow  fever,  or 
smallpox  is  prevalent  in  an  epidemic  form,  and  if  one  of 
these  diseases  or  cholera  breaks  out  in  the  detention  bar- 
racks, there  must  be  a  repetition  of  the  five-days'  isolation, 
disinfection,  etc.,  dating  from  the  removal  of  the  last  case. 
Cabin  passengers  from  cholera  or  other  infected  ports  or 
districts  should  produce  satisfactory  evidence  as  to  their 
piftoe  of  alx)de  for  the  &ve  days  immediately  preceding 
embarkation,  and  if  there  is  aiiy  reason  for  the  belief  that 


348  QUARANTINE. 

any  ooe  of  these  or  his  baggage  has  beea  infcctixl,  such 
passenger  is  to  be  detaiued  a»  long  as  the  inspecting  officer 


y  deem  V 


s  ba^;agc  is  to  be  disinfected. 


Every  passenger  must  also  have  an  inspection -card, 
8tam[>ed  by  the  consular  or  medical  officer,  giving  name 
of  passenger,  and  of  shij)  and  port  with  date  of  dejtartun?, 
etc. ;  and  all  ba^age  of  pa'^sengere  must  have  a  lahel 
bearing  the  seal  or  stamp  of  llie  United  States  oonsulur 
or  medical  officer,  the  name  of  port  and  of  the  vessel 
carrying  the  l>aggage,  and  the  statement  and  date  of 
inspection  or  disinfection. 

It  is  evident  that  if  these  regulatious  at  foreign  ports, 
together  with  those  required  at  sea — viz.,  rigorous  elcuti- 
liness  and  free  ventilation  of  the  vessel,  daily  iusju-ction 
by  tiie  sliip's  physician,  isolation  and  disinfection  of  the 
sick,  etc. — be  properly  observed,  there  can  Vw  biit  little 
chance  of  the  germs  of  quarantinuhle  disease  gaining  en- 
trance to  our  country,  and,  since  the  duration  of  the  voy- 
age will  in  most  cases  exceed  the  perloil  of  incubation  of 
most  of  the  eontiigioiis  diseases,  if  none  of  theae  manifest 
themselves  on  shipboard  at  sea  there  will  be  no  ne«I  for 
any  detention  nt  tlie  port  of  entry  beyond  that  which  the 
inspecting  officer  stationed  there  requires  for  the  perfurm- 
moe  of  his  duties,   viz.,   to   inspect  the  vessel,   bill    of 

galth,  crew  and  passengers,  and  their  lists  and  miinifcslH, 

!  ship  physician's  clinical  record  of  all  oases  treated, 
1  necessary,  the  sliip's  log. 

This  inspection  service  is  to  he  maintained  at  every  port 

">ngIiout  the  year,  and  is  in  force  not  only  with  respect 
1  vessi'ls  from  foreign  ports,  but  also  regarding  aov 
wl  with  sickness  on  board,  vessels  from  domestic  porta 
miteto  cholera  or  yellow  fever  prevails,  or  where  small- 

T  or  typhns  fever  prevails  in  epidemic   form,  vessels 
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from  foreigu  porta  carrying  pusseagpra  having  entered 
a.  port  of  the  United  States  without  complete  discharge  of 
passengers  or  cargo,  and  vessels  having  been  treated  at 
national  quarantine  stations  tliat  are  located  a  considerable 
distance  from  the  port  of  entry  of  said  ve^^els.  More- 
over, the  duties  of  the  inspecting  officer  above  Htate«l  are 
only  the  required  mininiuni  standard,  and  snch  other 
regulations  may  be  added  by  legal  State  or  local  authori- 
ties as  may,  for  special  reaiMins,  be  neeesstiry. 

If  the  inspecting  or  health  officer  is  sulisfied  that  the 
vessel  is  not  infected  and  all  the  foregoing  recjuircments 
have  been  complied  with,  he  gives  his  certificate,  to  be 
delivered  to  the  collector  of  customs  of  the  jxjrt,  and  no 
vessel  is  permitted  to  land  any  of  its  passengers  or  cargo 
unless  it  have  this  certificate,  together  with  the  bill  of 
health,  etc.,  from  the  port  of  departure,  as  evidence  that 
the  regulations  liave  been  properly  observed. 

On  the  other  hand,  if  vessels  arrive  under  the  follow- 
ing conditions  they  are  to  be  remanded  by  the  authority 
of  the  Secretary  of  the  Treasury  to  the  nearest  national 
or  other  quarantine  station,  where  proper  accommodations 
and  appliances  are  provided  for  the  necessary  di.«infection 
and  treatment  of  the  vessel,  passengers,  and  cai^;  and 
only  after  treatment  and  after  obtaining  a  certificate  from 
the  proper  officer  that  the  vessel,  cargo,  and  passengers  are 
each  and  all  free  from  infectious  disease  and  from  danger 
of  conveying  the  same,  can  a  vessel  be  admitted  to  entry 
to  the  ports  named  in  the  certificate. 

The  conditions  under  which  arriving  vessels  are  to  l>e 
placed  in  quarantine  are  these :  "  A.  With  quarantine 
disease  on  board,  the  qnarantinablc  disease  for  the  pur- 
poses of  these  regulations  being  cholera  (cholerine),  yellow 
fever,  smallpox,  typlins  fever,  and  leprosy.     B.  Having 
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had  such  od  board  during  the  voyage  or  within  thirty 
days  next  preceding  arrival ;  or,  if  arriving  in  the  quar- 
antine season^  having  had  yellow  fever  on  board  after 
March  1st  of  the  current  year,  unless  aatisfiictorily  disin- 
fected thereafter.  C.  From  ports  infected  with  cholera 
or  where  typhus  fever  prevails  in  epidemic  fi>rm,  coming 
directly  or  via  another  foreign  port^  or  via  United  States 
pbrtSy  unless  they  liave  complied  with  the  United  States 
quarantine  regulations  for  foreign  ports ;  also  vessels  from 
non-infected  ports^  but  bringing  persons  or  cargo  from 
places  infected  with  cholera^  yellow  fever,  or  where  typhus 
fever  prevails  in  epidemic  form,  except  as  subsequently 
noted.  D.  From  jwrts  where  yellow  fever  prevails, 
unless  disinfected  in  accordance  with  these  regulations, 
and  not  less  than  five  days  have  elapsed  since  such  disin- 
fection. 

'*  The  following  exceptions  may  l)e  made  to  Rules  C. 
and  1).  with  regiird  to  vessels  (|uamntined  against  on 
account  of  yellow  fever :  (1)  Vessels  arriving  from 
November  1st  to  May  1st  may  be  admitted  to  entry. 
(2)  Vessels  bound  for  ports  in  the  United  States  north  of 
the  southern  boundary  of  Maryland,  with  good  sanitary 
condition  and  liistory,  having  had  no  sickness  on  board  at 
I)orts  of  departure,  en  n)ute  or  on  arrival,  provided  they 
have  been  five  days  from  last  infc^eted  or  suspected  port, 
may  be  allowe<l  entrj-  at  port  of  destination.  But  if  said 
vessels  carry  pass(»ngers  destineil  for  places  south  of  this 
latitude  the  baggage  of  said  passengers  shall  be  disin- 
fected, and  such  baggage  shall  be  labelled.  (3)  Vessels 
engaged  in  the  fruit  trade  from  ports  dwlared  safe  for 
this  purpose  by  the  Supervising  Surgeon-General  of  the 
Marine-Hospital  Service  may  be  admitted  to  entry  with- 
out detention,  provided  they  carry  no  passengers  and  have 
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carried  no  passengers  from  one  port  to  another,  and  have 
no  household  effects  or  personal  ba^age  in  cargo,  and 
have  complied  with  the  rulea  and  r^ulationa  made  by  the 
Secretary  of  the  Treasury  with  regard  to  vessels  engaged 
in  said  trade." ' 

Morwjvor,  all  passengers  otlier  than  those  occupying 
first  or  second  cabin,  and  all  persons  arriving  on  vessels 
that  have  had  smallpox  on  board,  must  be  vaccinated 
or  detained  in  quarantine  not  less  than  fourteen  days,  " 
unless  they  can  show  satisfactory  evidence  of  recent  vao- 
ciuation  or  of  having  had  smallpox ;  and  all  effects  and 
compartments  liable  to  convey  infection  must  be  disin- 
fected. 

"  No  case  of  leprosy  will  be  landed,  and  vessels  arriv- 
ing at  quarantine  with  leprosy  on  board  shall  not  be 
granted  pratique  until  the  leper  with  his  or  her  Imggage 
has  been  removed  from  the  vessel  to  the  quarantine  stai- 
tion.  If  the  leper  is  an  alien  passenger  and  from  a, 
foreign  port,  action  will  be  taken  as  provided  by  the 
immigration  laws  and  regulations  of  the  United  States, 
If  the  leper  is  an  alien  and  a  member  of  the  crew,  and  the 
vessel  is  from  a  foreign  port,  said  leper  shall  be  detained 
at  (guanintine  at  the  vessel's  expense,  until  taken  aboard 
by  the  same  vessel  when  outward  bound."  * 

There  are  ten  national  quarantine  stations  and  a  number 
of  others  under  State  or  muniei]ial  contrtd ;  those  which 
have  steam  disinfection  chamlwrs  and  other  efficient 
equipments  are  located  at  Portland,  Me. ;  Boston,  New- 
York.  Sandy  Hook,  Delaware  Breakwater,  Reedy  Island 
in  the  Delaware  River,  Cape  Charles,  Baltimore;  Wil- 
mington, N.  C. ;  Savannah,  Blackbeard  Island,  Ga.; 
I  Quamntlno  Laws  and  Begulationa  at  tba  United  States. 
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Cliarleston,  Dry  Tortogaf-,  Key  Wfst,  Mullet  Keys,  Pea>i 
sacola,  Mobile,  Chandeleur  L^lantls,  New  Orleans,  Gal- 
veston, Sun  Dit^,  SaD  Francisco,  and  Port  Townficnd  j 
the  ten  uatioiml  ones  being  included  in  tlie  list. 

The  essential  requisites  for  a  pru))crly  equipped  quaran- 
tine station,  after  the  si'lection  of  a  jtroper  locution — whii^ 
should  be  convenient,  but  not  in  the  line  of  future  city 
growth — are  the  following:'  1.  A  boarding  station,  in- 
cluding boat-house  and  boatmen's  quarters.  2.  A  board- 
ing-boat, preferably  a  steamer.  3.  An  anchorage  for  the 
detention  of  infected  vessels.  It  should  be  safely  out  uf 
the  track  of  commerce,  eonveoient  but  not  too  dose  (o  (lie 
main  quarantine  establishment,  sheltered,  and  with  g'x>d 
holding  ground  for  anchors.  4.  A  fumigation  stcunier 
with  appliances  for  generating  and  forcing  sulpLuinua 
acid  (or  formaldehyde)  gas  iuto  vessels,  and  with  tanks 
and  pumps  for  disinfecting  solutions.  5.  A  wharf,  in 
wat^r  at  least  twenty  feet  deep,  and  upon  which  are  con- 
structed a  warehouse,  tanks  for  disinfecting  solutions,  and 
a  disinfecting  house  containing  steam  disinfcirting  cham- 
bers. 6.  A  lazaretto  or  hospital  for  the  treatment  of 
contagious  diseases.  7.  A  hospital  for  non-con tagioiis 
.  diseases.  8.  Barracks  or  quarters  for  the  detention  in 
Lgronps  for  those  ^vhu  may  have  been  ex]M>sed  to  oontagino 
r  infection.     9.   Quarters  for  medical  officers.     10.    A 

ition  furnace. 

rWlien  a  vessel  is  remanded  to  quarantine  by  the  Ut- 
idng  officers  at  a  port  of  entry,  ita  treatment  and  tliafc 
t  its  cargo  and  passengers  will  depend  lately  upon  the 
e  with  which  it  is  infected,  being  more  severe  if  the 
r  18  cholera  or  yellow  fever.  In  ease  of  infection  by 
rither  of  these  diseases  the  vessel  is  at  once  sent  to  the 
I  Bohf'a  Hfglcne. 
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anchorage,  and  must  remain  thero  until  the  ]ia8seugers 
have  been  dieicbarged  and  the  vessel  purified,  and  in  any 
c-asp  there  must  be  no  direct  communication  allowed  be- 
tween quarantine  or  a  vessel  in  quarantine,  and  any  per- 
son or  place  outside. 

Moreover,  if  cholera  has  occurred  on  board,  all  passen- 
gers and  all  of  the  crew,  except  such  as  arc  netiessary  to 
care  for  her,  must  be  at  onee  removed,  the  sick  to  be  sent 
to  the  lazaretto  or  hospital,  others  specially  suspected 
must  be  carefully  isolated,  and  the  remainder  separated 
into  small  groups,  between  which  there  must  be  no  eom- 
municatiun.  Those  who  are  especially  liable  to  convey 
infection  must  be  bathed  and  furnished  with  sterile  cloth- 
ing before  entering  the  barracks,  and  no  articles  capable 
of  carrying  infective  matter,  especially  food,  should  be 
taken  into  the  barracks.  If  the  disease  has  occurred  in 
the  steerage,  all  the  steerage  passengers  must  be  bathed 
and  their  clothing  disinfected  ;  and  in  any  case  all  steerage 
iwpgage  and  effects,  and  any  other  baggage,  etc.,  that  has 
been  exposed  to  the  infection,  all  articles  of  the  t^i^ 
likely  to  be  infected,  and  all  furniture,  living  apartments, 
and  such  other  jxntJons  of  the  vessel  as  may  possibly  re- 
tain or  convey  infection  must  be  disinfected.  The  water- 
supply  must  be  changed  at  once,  the  tanks  thoroughly 
disinfected  by  steam  or  [totassium  permanganate  stihition, 
and  refilled  with  water  from  a  pure  source  or  with  water 
recently  boiled.  The  water-lxillast  of  a  cholera-infected 
vessel,  or  of  one  from  a  cholera-infected  port,  should 
never  be  discharged  in  fresh  or  brackish  water  without 
previous  disinfection,  and  the  ballast-tanks  should  be  re- 
filled with  sea-water  or  else  be  disinfertMl  before  refilling. 
Nothing  is  to  be  thrown  overboard  fnim  a  cholera- 
infected  vessel  in  quarantine,  but  everj-thing  that  is  to  be 
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destroyed,  even  deck-sweepings,  should  be  burni'd  in  tbc 
furnace. 

The  disinfection  of  the  holds  of  vessels  is  to  be  by 
niechaniwil  cleantiing,  by  an  acid  bichloride  of  merc-urj- 
Holution  (1  to  800)  applied  undL-r  pressure,  and  by  sul- 
phurous acid  giia  (10  per  c«nt.  per  volume  strength),  for 
from  twenty-four  to  forty-eight  hours.  All  balluet  must 
be  discliarged  or  disinfected  before  the  disinfection  of  ih^- 
hold,  and  all  solid  ballast  must  be  disinfected  before  being 
discharged  into  fresh  water.  The  steerage  and  furecaeili- 
are  to  be  disinfected  hy  live  sti'am,  if  possible,  for  at  least 
half  an  hour,  and,  if  not,  by  sulphur  dioxide  and  bichlo- 
ride solution,  as  was  the  hold.  Ba^^age,  l>edding,  ewrpets, 
etc.,  are  to  be  removed  with  caution  and  to  l>e  diiijufected 
by  steam  or  by  boiling,  and,  finally,  all  woodwork  of  the 
vessel  is  to  be  thoroughly  cleansed  mechanically  and 
then  washeil  with  an  acid  bichloride  of  mercury  solution 
(1  to  1000). 

Under  date  of  August  5,  1897,  the  Secretary  of  the 
Treasury  issued  a  circular  to  State  and  local  quarantine 
authorities  "amending  Article  6  of  the  quarantine  regu- 
lations to  be  observed  at  ports  and  on  the  frontiers  of  the 
United  States,  by  adding  two  paragraphs,  8  and  9, 

"  DittlnffcHon  of  atecrnge,  forecfiKtle,  mid  CKibin  of  reanda 

^by  formaldehi/de gas.     After  the  removal  of  the  bedding, 

nrjKts,  and  furnishings,  all  apertures  being  tightly  closed. 

Be  steerage,  forecastle,  and  cabin  of  a  vessel  may  be  dis- 

Mected  hy  formaldehyde  gas  in  a  percentage  of  not  leas 

1  per  cent.  p(T  volume  strength,  the  time  of  expos- 

E  to  be  not  less  than  twelve  hours.  The  gas  may  be 
generated  hy  the  following  method: 

"  Fntm  an  aqueous  solution,  containing  40  per  cmt.  of 
the  gas,  known  under  the  names  of  tiirm aldehyde,  formol. 
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or  formoloee.  The  gas  is  best  evolved  from  these  solu- 
tionis by  the  additiun  of  from  10  to  30  per  cent,  of  a  neu- 
tral salt,  preferably  calcium  chloride  or  sodium  nitrate, 
and  heating  the  mixture  in  a  special  boiler.  One  litre  of 
a  40  per  cent,  solution  of  formaldehyde  gas  will  evolve 
about  1425  litres  (50.1  cubic  feet)  of  the  gas  at  20°  C. 
(68°  F.},  and  will  be  sufficient  for  17  cubic  metres  (2505.5 
cubic  feet)  of  space. 

"  Ailer  the  disinfection  of  apartments  by  formaldehyde 
gas  the  latter  sliould  be  ueutralize<l  by  ammonia  gas, 
evolved  from  water  of  ammonia  by  lieat,  or  by  evapora- 
tion from  water  of  ammonia  sprinkled  upon  llie  floor. 
The  ([uantily  of  water  of  ammonia  required  for  neutral- 
ization, afler  the  above-named  method,  is  as  follows:  1^ 
litres  (1.26  quarts)  of  water  of  ammonia  for  each  litre 
(1.01  quarts)  of  formaldehyde  solution. 

"  Dianfedion  of  clothing^  bedding,  uphoMrred  f ami- 
tare,  ariicffs  of  leather,  etc.,  hy  formaldehyde  f/OJi.  These 
may  be  disiiifect«d  by  formaldehyde  gas  in  the  ordinary 
steam  disinfecting  chamber,  the  latter  to  be  provided 
with  a  vacuum  apparatus  and  special  apparatus  for  gen- 
erating and  applying  the  gas.  The  gas  sliould  be  applied 
in  a  dry  state  in  not  less  than  20  per  cent,  per  volume 
strength,  the  time  of  exposure  to  be  not  less  than  one 
hour. 

"  The  application  of  the  disinfectant  can,  of  course,  l)e 
modified  to  suit  the  circumstances  of  the  case,  but  the 
forgoing  will  be  useful  as  indicating  the  principles  which 
mnst  be  followed." 

As  to  the  passengers  and  others  who  have  been  isolated 
in  groups,  they  are  to  be  inspected  twice  daily  by  the 
physician  and  remain  under  his  conntant  surveillance, 
and  can   have    no   communication   with   any   one  in   a 
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(liffert'nt  gnuip  or  outsido  of  qtiumiitiDe,  cxcujit  thmiigli  the 
(jiianintine  officer,  TLe  waU^r-supply  and  fiiod-6ii]>|ily  are 
to  be  strictly  guarded,  and  are  issued  to  each  group  t^-pa- 
rati^ly.  The  latter  is  to  be  simple  in  character  and  uIjuii- 
dant  in  quantity,  but  no  fruit  is  to  be  pemiitte<I.  Strict 
cleanliness  is  to  be  enjoined,  dislDtectioa  wherever  neces- 
sary, anil,  in  case  cholera  or  other  disease  appears  in  any 
group,  the  sick  will  be  ininiediatcly  removed  to  the  hos- 
pital, and  the  rest  of  the  group  bathed  and  their  effects 
disinfected,  and  all  of  them  removed  to  other  quarters,  if 
possible.  None  are  to  leave  quamntiiic  until  fivt  days 
after  the  last  exposure  to  infection  and  the  final  disinfec- 
tion of  such  effiwta  as  were  taken  t*i  barracks ;  and  no 
convalescent  may  leave  quarantine  until  a  bacteriological 
examination  shows  him  to  be  free  from  infection. 

As  has  been  state<l,  the  treatment  of  vessels  infected 
by  other  diseases  is  nut  necessarily  so  severe  as  the  above, 
but  in  each  ciise  every  effort  is  made  to  allow  no  loopbnle 
for  the  entmnne  of  infection  into  the  country  ;  and  in  the 
case  of  yellow  fever  there  is  to  be  the  same  isolaticm  of 
all  not  required  to  care  for  the  vessel  and  a  detention  of 
at  least  five  days  after  disinfection  has  l)een  thorr)ughly 
performed  and  completed.  The  detention  for  typhus 
fever  is  to  be  twenty  days,  and  for  smallpox  fourteen 
days,  the  detention  dating  from  the  last  exposure  to  either 
disease. 

No  vessel  may  leave  quarantine  until  she  has  a  certifi- 
cate from  the  health  (quarantine)  officer  that  she  has  in 
all  respects  coniplicil  with  the  quanmline  r^ulations,  and 
that,  in  hw  opinion,  she  will  not  convey  quarantinahte 
disease.     She  Is  then  said  to  be  t^ranted  /irr  prritu/w. 

The  law  further  provides  that  "  when  pmcticable,  alien 
.  tmmignuits   arriving   at   Canailian   and   Mexican   ports. 
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destined  for  ttie  UDit«d  States,  shall  be  inspected  at  the 
port  of  arrival  by  the  Unitetl  States  eoiisulur  or  medit^l 
officer,  and  be  eubjectcd  to  the  same  sauitary  restrietiuns 
as  are  called  fur  by  the  rules  and  regulations  governing 
United  States  ports ;  that  inspection-cards  will  be  issued 
\>y  the  United  States  officer  at  the  port  of  arrival  to  all 
such  immigrants,  and  labels  affixed  to  their  ba^age,  as 
in  the  cose  of  foreign  ports ;  and  where  such  immigrants 
are  not  inspected  at  the  port  of  arrival  they  sball  enter 
the  United  States  only  at  certain  designated  points  on  the 
frontier,  and  then  only  after  such  inspection,  detention, 
disinfection,  vaccination,  etc.,  as  may  be  necessary  or 
required  by  the  officers  there  statione*!." 

There  is  also  provision  for  the  inspection  of  State  or 
Xaeal  quarantines  from  time  to  time  by  t)ie  Supervising 
Surgeon-General  of  the  Marine-Hospital  Service,  or  by 
any  officer  of  that  8er\'ice  detailed  by  him;  and  fivr  the 
observance  at  all  quarantines  of  such  additit^nal  niles  and 
regulations  as  may  from  time  to  time  be  promnlgatod  by 
him. 

Inland  QnarantiDe. — Under  this  heading  may  be  con- 
si<Iere<l  the  me-.UH  tliat  may  be  employed  to  prevent  an 
epidemic  extending  from  one  locality  or  district  to  an- 
other, altboiigli  the  principle  and  aims  are  practically  the 
sume  aa  those  of  maritime  quarantines,  viz.,  to  define 
certain  boundaries  beyond  which  no  person  or  thing 
capable  of  carrying  infection  may  pass,  and  to  ei^tabltsh 
certain  points  of  ingress  or  ^ress  on  these  boundaries 
where  there  may  be  the  necessary  detention,  inspection, 
disinfection,  etc 

The  aanUary  cordon  "consists  of  a  line  of  guards,  mili- 
tary or  civil,  thrown  around  a  distri^it  or  locality,  either 
to  protect  the  same  &om  the  surrounding  country  when 
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infected,  or  to  protect  the  surrounding  c6untry  from  the 
iniVwteil  district  or  locality."  "It  ia  not  intended  to 
iKittle  up  all  the  people  who  are  caught  within  an  infected 
district,  but,  on  the  contrary,  in  intended  as  a  means  of 
exit  to  those  who  will  not  carrj'  with  thein  t\)ntagiuus  dis- 
0  the  people  beyond."'  It  may  be  single  or  duuble; 
in  tho  latter  case  the  inner  line  closely  encircles  the  well- 
defined  infected  locality,  and  the  outer  line  the  whole  sus- 
pected territory.  This  latter  may  bo  removed  aa  soon  as 
it  is  evident  that  the  space  between  it  and  the  inner  line 
is  not  infected.  To  be  efficient  the  cordon  must  be  so 
guarded  that,  oven  though  it  bo  many  mites  in  length,  no 
unauthorized  person  may  pass  through  it,  while  ut  certain 
places  upon  it  camps  of  probation  or  detention  must  be 
established,  where  all  persons  coming  from  the  infected 
locality  may  l»e  kept  under  observation  for  a  time  equal 
to  the  period  of  incubation  of  the  disease  in  question. 
These  canips  of  probation  or  detention  are  to  be  distin- 
giii8he<l  from  the  com/*8  of  refuge,  whicli  were  first  sug- 
gested by  Surgeon-General  Woodward  in  1878,  and  whioh 
are  "simple  residence  camps  established  to  receive  the 
population  of  an  infected  community  when  it  has  been 
determined  to  depopulate  the  infected  district." 
■^^^  At  tliese  camps  of  prolmtion  provi.sion  must  be  made 

^^^^  for  iuKiKfting  every  person  and  disinfecting  all  ba^^uge 
^^^^H  before  entering  camp,  for  isolating  the  occupants  and 
^^^^H  lionsing  and  feeding  them  in  the  most  comfortable  and 
^^^^H  Banitary  manner  during  the  detention,  for  inspections 
^^^^H  twice  or  thrice  daily,  for  the  isolation  an<l  care  of  the  sick 
^^^^V  in  hospitals  at  a  safe  distance  from  camp,  and  for  the 
^^^V  isBuancc  of  a  certificate  granting  "free  pratique"  when 
^^^1  the  period  of  detention  is  over. 
^^^^^^  '  Sah£'H  Hygicme:  "  Ijumruitine." 
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A  notable  instance  of  the  sanitary  cordon  was  that  about 
the  city  of  Brownsville,  Texas,  and  along  tlie  KIo  Grande, 
in  1882 ;  and  of  a  probatiou  camp,  that  at  Camp  Perry, 
Florida,  in  1888. 

In  addition  to  these  measures  it  may  be  necessary  or 
advisable  to  establisli  a  railroad  quarantine,  as  follows: 
"At  certain  convenient  points,  which  will  be  the  only 
pointfi  of  ^ress  by  rail  from  the  infected  district,  an  in- 
Hpection  service  and  disinfecting  station  are  to  be  main- 
tained tlironghont  the  epidemic.  Here  all  tlie  baggage 
and  freight  are  to  be  properly  disinfected  and  nil  pas- 
sengers are  to  be  examined  by  the  official  inspectors  ;  if 
the  latter  are  from  the  infected  locality,  or  have  not  a 
certificate  from  some  recognized  health  officer  as  to  where 
they  have  been  for  ihe  previous  days  corresponding  to  the 
incubative  period  of  the  disease,  they  are  to  be  at  once 
remanded  to  the  nearest  camp  of  probation,  there  to 
undergo  the  necessary  detention.  Moreover,  it  may  seem 
advisable  to  prevent  any  passenger  cars  going  beyond  the 
infected  district,  and  to  disinfect  all  freight  and  baggage 
cars  that  do  so," 

There  may  also  be  local  or  house  qn&ninttnes  established 
by  municipal  boards  of  health  or  other  authorities  to  pre- 
vent not  only  the  family  or  attendants  of  the  sick  from 
mingling  with  the  rest  of  the  community,  but  also  to 
keep  injudicious  outsiders  from  spreading  the  infection 
through  unwise  visitations.  And  though  such  isolation 
may  appear  at  times  a  hardship  to  certain  individuals, 
and  to  be  unduly  severe,  one  should  not  forget  the  great 
cost  to  all  concerned  of  epidemics  once  inaugurated,  nor 
that  it  is  by  such  stringent  measures  that  we  shall  be 
able  to  eradicate  the  infectious  maladies  from  our  coni- 
mnnities. 
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Tlio  foregoing  remarks  apply  likewise  to  other  prophy- 
lactic meaiiitres,  sucli  as,  tor  example,  var«inntioii.  Within 
the  Inst  five  years  there  have  been  many  epidemics  i>t* 
smallpox  throughout  the  whole  country,  the  extent  and 
spread  of  wiiich  were  due  to  a  very  general  n^lect  to 
secure  the  protection  afforded  by  vaccination.  To  coDtn>- 
vert  those  who  assert  that  this  prophylactic  measure  is  uf 
no  value,  the  following  statistics  are  quoted  from  Mo- 
Farhinil  and  from  Harrington :  Prior  to  the  adoption 
April  1,  1875,  of  the  German  law  requiring  vaccioation 
at  birth  and  at  tlie  tenth  year,  the  annual  mortality  in 
Prussia  from  1816  to  1870  was  from  7.32  to  66  i>er 
100,000  of  population  ;  in  1871  it  was  243.2,  and  in  1872 
it  was  262.67,  owing  to  the  intn>diiction  of  Prenoh  pris- 
oners. Since  then  there  hsia  bi>en  no  epidemic,  but  fnnu 
1875  to  1886  the  average  annual  mortality  was  1,91  jier 
100,000  and  the  lowest  0.36.  On  the  other  hand,  from 
1870  to  1895  over  20,000  have  died  from  smallpox  in 
Paris  alone,  where  vaccination  is  not  compnl.sorj-. 

In  the  following  table,  note  that  vaceination  was  rom- 
pulsory  in  the  first  five  cities  and  not  enforced  in  the  nther 
four: 

Deatti-batk  por  Skallpox 
(io  100,000  of  populatwn— 187&-1889). 

Berlin 

Usiuhnig qM, 

Breelau XXi 

Munioh 1,45 

Dresden ]^ 

Pnria  .   . 26.24 

^^-^  St.  Pi'lerelturg 35^ 

^^^  PriMTiie 
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According  to  Harrington,  in  the  Sheffield  epidemic  of 
1887-'88,  1.55  per  cent,  of  vaccinated  and  9,7  per  cent, 
of  unvacciuated  were  attacke<l,  the  death-rate  among  the 
former  heiug  0.7  and  among  tlio  latter  48  per  1000, 
Among  ehlldren  under  ten  the  rate  of  attack  was  5  and 
101  per  lOOOreapectivelyforvacciuatedaud  unvaecinated, 
and  the  death-rate  was  0.09  and  44  per  1000.  From  the 
Htatititied  of  this  epidemic  we  have : 

RiTBB  OF  Attack  feh  1000  Pkrsohs. 

Pcrnoiw  not  vaainated  .    94 

Persons  once  vacdnated  19 

Penona  twice  taceumled  3 

DEATH-BATEtl   TEK    lUOO    I'EBSONSL 

Perwins  not  THCcinated 51 

Penunx  once  VKccinsted 1 

PenionH  twice  Tatcioated 0.08 

The  same  authority  states  that  a  "  successful  primary 
vaccination  within  three  days  after  exposure  to  existing 
cases  of  smallpox  will  prevent  the  development  of  the 
disease,  and  as  late  as  the  fifth  or  sixth  day  will  either 
prevent  or  modify  an  attack."  So  that  epidemics,  even 
when  well  under  way,  can  I>e  checked  by  wholesale  vacci- 
nation. 

However,  vaccination  should  he  repeated  from  time  to 
time,  especially  when  there  is  danger  of  infection.  In 
Philadelphia,  in  1901-'02,  not  one  of  the  1700  snmlli>ox 
patients  treated  at  the  Municipal  Hospital  had  been  suc- 
cessfully vaccinated,  as  evidenced  by  the  scar,  within  four 
years  of  the  attack.  From  the  data  of  this  hospital, 
Welch  and  Schamberg  compiled  the  following : ' 

I  McFarland  and  Baboick.  "  Prophylaiia,"  in  Cohou'a  System  of 
Phf  siologic  Therspeatics. 


: 
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Ailnltted.  Died.  FercC'iit 

Vacfi lulled  in  infancy  (gixxl  mark)  .    .    .  26H  T  2.Gl\ 

"         "        "         (fuinimrk)     ...    S3  10  12.04   ' 

(p.Kjriiiai'k)  .    .    .    98  14  H.28 

Vaccitial«d  cases 449  31  6.!>0 

Unvaccinaled 4(!5 

Vaucioaled  sfter  inrection 03  12  19.04  j 

ToWl 9' 

Surely,  with  modem  statiitticH  sucli  as  tlie  fort^^ing:  irt 
hand,  it  is  not  necessary  to  recall  the  excessively  high 
mortalities  of  tlie  eighteenth  century  prior  Itt  Jeniier's 
discover^',  amounting  to  half  a  million  or  more  annimlly 
in  Europe,  to  convince  intelligent  persons  of  the  great 
vahie  of  this  one  method  of  prophylaxis,  and  yet  legal 
compulsion  seems  to  be  necessary  to  secure  its  general 
GDiployment. 

Ill  the  pi-DMdiiig  p»iKB  the  author  haa  attempted  t«  preseiil  briefly  the 
principles  and  the  retcuiatiotia  ot  quikniiitino  a.i  praetiscd  In  the  Uiiilrd 
Stoteaat  the  prwwnt  tiina;  but  the  reader  ia  referred  for  further  details 
to  the  oxtrcmely  intenmtiiiK  and  valnablo  elinptKr  on  the  BiibJ«^  iu 
Rnhf's  Teit-book  of  HyKiene.  by  Dr.  Wyruan,  the  prcoent  Supervising 
Surgeon -GenonJ  of  the  Mariuc- Hospital  and  Pablio  Health  Service. 


CHAPTER  XII. 

THE  REMOVAL  AND  DISPOSAL  OF  SEWAGE. 

TiiE  waste  fmm  dwellings  iu  of  three  kinds  :  house- 
sweepings  and  the  ashes  from  fires;  the  waste  from 
kiteheus,  scraps  of  food,  etc.,  commonly  known  as  garb- 
age; aud  sewage,  the  most  important,  consisting  as  it 
does  of  the  solid  and  liquid  excreta  of  the  body,  together 
with  waste  water  from  wash-tubs,  bath-tubs,  kitchens, 
laandries,  etc. 

Aahes  alone  have  little  effect  upon  the  health,  except 
that  they  absorb  moisture  readily,  and  if  allowed  in  ac- 
cumulate in  a  cellar  may  do  much  to  keep  it  damp  and 
mouldy.  For  the  same  reason,  if  they  be  mixed  with 
refuse  vegetable  matters,  pntrefaction  is  favortnl  and 
noxious  emanations  given  off.  The  dust  from  ash  heaps 
may  also  l>e  carried  into  the  house  and  largely  increase 
the  solid  impurities  of  the  air  therein.  Consequently, 
ashes  should  be  frequently  and  regularly  removed  from 
the  premises. 

Kitchen  garbi^  readily  decays,  and  if  allowed  to  re- 
*main  in  the  vicinity  of  the  house  may  pollute  both  the 
air  and  soil  about  it ;  but  inasmuch  as  it  has  some  value 
as  a  foiRl  for  animals,  there  is  usually  no  difficulty  in 
having  it  remove*!  by  scavengers  without  ejipense  or  delay. 
Care  must  be  had,  however,  that  this  is  done  properly  and 
that  all  receptacles  are  kept  in  as  cleanly  a  condition  as 
possible.     Most  lai^  cities  now  find  it  safer  to  collect 
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and  cremate  the  garbage  at  tlie  expense  of  the  munid- 
pality,  ratiier  than  to  allow  private  individuals  to  keep 
tor  it»  consumptiou  lai^e  numbers  of  animals  withiu  or 
near  tlie  city  limits.  Even  though  the  tbrmor  plan  be  the 
more  costly,  exj»erience  »how8  that  thia  garbage  may  and 
Hhould  be  oonaunicd  in  properly  arranged  crematorits  at 
convenient  localities  without  annoyance  to  the  residents  of 
the  vicinity,  thus  saving  the  expense  and  time  necessary 
for  conveying  the  garbage  beyond  the  municipal  limits. 

The  kiud  of  waste  to  which  wc  give  the  name  eincagt 
is,  however,  of  more  importance  to  sanitarians,  since  it  is 
always  a  possible  factor  in  the  production  of  disease,  and 
since  it  preueuts  the  most  difficulties  in  respect  to  its 
removal  from  dwelliiij^  and  the  ultimate  dispisul  of  it. 

In  addition  to  the  substances  already  named  and  which 
usually  come  from  dwelling-Iiouses,  sewage  may  contain 
the  liquid  excretJi  from  stables,  the  refuse  from  factories 
of  all  kinds,  the  drainage  from  polluted  soils,  and  the 
excess  of  rain-water  not  taken  np  by  evaporation  or  re- 
tained in  the  soil.  Its  comjmsition  must  therefore  be 
always  complex  and  variable;  but  there  will  be  practi- 
cally always  present  in  it  sodium  chloride,  ammonia, 
carbon  monoxide  and  dioxide,  hydrogen  and  ammonium 
eidphide,  fetid  and  decomposing  organic  matter,  and 
myriads  of  bacteria.  Fresh  sewage  will  not  be  so  offen- 
sive to  the  senses  as  tliat  in  which  putrefaction  Iuib 
commenced,  nor  will  the  gases  arising  from  it  be  so  dAu- 
geroiis  to  health,  Frankland  has  sliown  that  "  solid  or 
liquid  matter  is  not  likely  to  be  scattered  into  the  air  from 
the  sewage  itself  by  any  agitation  it  is  likely  to  undergo 
nntil  gas  begins  to  be  generate<l  in  it " ;  and  it  is  really 
I  doubtful  whether  the  air  of  a  properly  eonstnicted  and 
I  Well- ventilated  sewer  can  be  shown  to  contain  a  harmful 


PNEUMATIC  AND  EJECTOR  SYSTEMS. 

esoees  of  injurious  gnses  and  oi^nismH.  However,  it  is 
essential  that  sewage  uhould  always  be  removed  from  the 
premises  of  a  dwelling  us  soon  as  possible  after  its  pro- 
duction and  before  decomposition  begins. 

When  tlie  above-mentioned  constituents  of  sew^e  are 
to  be  dii^posed  of  collectively,  the  water-carriaffe  system 
is  iisnally  the  best.  Although  the  pneumatic  system 
(wherein  air-tight  pipes  extend  from  the  dwellings,  etc., 
to  reservoirs  from  which  the  air  is  periodically  exhausted 
and  the  sewage  thus  drawn  info  them)  would  aecm  to  be 
advantageous  where  the  topogniphical  conditions  i 
jHTmit  of  natural  drainage,  it  is  always  subject  to  the 
danger  of  breaks  occurring  and  destroying  the  action,  and 
seems  to  have  been  practically  successful  in  but  few 
iiisbuice«. 

A  modification  of  the  pnenmatic  system  which  seema 
to  be  more  successful  and  practical  is  the  Shane  or  ejfdar 
syBf«m.  In  this  the  sewage  is  conducted  by  gravity 
through  suitable  drains  Xn  ctinvenient  ejector  stations  or 
tanks,  whence  it  is  forced  by  means  of  compressed  air  to 
the  irrigation  fields  or  other  places  of  ultimate  dig]>0BaI. 
The  system  has  been  in  successful  operation  in  Arad, 
Hungary,  since  1896,  the  plant  disposing  of  the  sewage 
of  20,000  persons  from  five  ejector  stations  at  a  working 
cost,  excluding  interest  and  sinking  fund,  of  altout  25a. 
($6.25)  per  day.' 

On  the  other  hand,  where  house  refuse  only  is  to  be 
considered,  and  wliere  the  waste-water  can  be  kept  from 
the  other  parts  of  the  sewage,  or  where  the  water-supply, 
the  physical  conditions,  or  the  cost  of  constructing  the 
necessary  sewers  prevent  the  use  of  the  water-carriage 
method,  recourse  must  be  had  to  the  paU  or  earih-doset 
I  AmericBli  Yesr-book  of  Mt-dicinc  for  1900,  pp.  549,  660. 
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system.  Tbe  use  of  primitive  privy-vaiilte  or  cesspools 
is  most  insanitary  and  daugorous,  and  should  be  con- 
demned in  almost  every  inatanc«.  Where  the  necessity 
for  one  of  the  latter  seems  imperative,  it  should  be  niiule 
abs<}Intely  water-tight,  so  that  none  of  the  contents  may 
escape  to  pollute  the  surrounding  soil  and  soil-air  or  to 
contaminate  the  ground-water  in  the  neigh  bo  rhuo<l. 
Moreover,  the  pito  should  be  pntperly  veuttlaled  and 
should  be  cleaned  out  regularly  and  often,  which  may  be 
done  without  offence  by  sumo  form  of  odorless  excavat- 
ing apparatus,  such  as  is  now  commonly  used. 

The  daily  addition  of  a  solution  of  clilorinated  Hme  or 
milk  of  lime  or  of  sulphate  of  iron,  to  the  extent  of  alxiut 
twt)  quarts  for  each  jierson  using  the  eesspool,  will  do 
much  in  the  way  of  checking  bacterial  gro\vth,  even 
though  it  does  not  actually  disinfect  the  contents,  and 
will  largely  prevent  the  offensive  odors  of  putrefitctiun 
from  such  accumulations.  It  should  be  noted  that  the 
contents  of  such  a  vault,  or  of  a  simple  pit  id  the  earth, 
undergo  putrefaction  rather  than  natural  decomposition, 
because  of  the  lack  of  sufficient  oxygen  supply  and  of 
the  adjunct  action  of  the  nitrifying  bacteria  which  are 
found  only  in  the  uppermost  layers  of  the  soil. 

It  is  also  probable  that  many  disease  germs,  partieularlv 
those  of  diphtheria  or  typhuiil  fever,  will  survive  and 
multiply  hotter  in  the  contents  of  such  a  vault  than  in 
sewage  or  refuse  treated  by  the  methods  to  be  hereafter 
described. 

In  the  pail  system  the  more  solid  waste  matters,  and 
especially  human  excreta,  are  collected  in  a  suitable  jiail 
or  tub,  which,  holding  only  a  limited  amount,  must  of 
necessity  be  removed  and  emptietl  regularly  and  often. 
If  the  outbuildings  used  for  tins  purpose  be  kept  c1<^d 
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and  projKrly  vputilaleJ,  such  a  system  will  be  both 
ceoiiumical  and  healthful. 

Advantage  may  here  be  taken  of  the  great  deodorizing, 
nitrifying,  and  oxidizing  power  of  6ne  dry  earth,  and 
various  forms  of  earth-doiieU  huve  been  de\  iaed  to  be  used 
in  conjunction  with  the  piiil  system.  If  a  quantity  of  dry, 
sifted  earth,  in  bulk  about  twice  that  of  the  dejecta,  ia 
thrown  upon  the  latter  after  using  the  closet,  they  will 
be  rendered  inodorous  and  inoffensive.  For  this  purpose 
loam  and  clay  are  best,  thongh  sifted  ashes  may  be  used 
with  almost  as  good  results,  but  sand  or  gravel  will  not 
be  so  efficient  an  the  loam  or  aslies.  Moreover,  owing 
probably  to  tlie  action  of  the  nitrifying  bacteria  iu  the 
earth,  :ill  trjce  of  the  peculiar  natuiv  of  the  organic  com- 
pound is  quickly  destroyed,  and  the  mixture  soon  becomes 
practically  nothing  but  humus,  and  ia  an  excellent  fer- 
tilizer. 

The  pail  or  earth-closet  mnst,  of  eourse,  be  separate 
and  apart  from  the  dweJling,  as  it  is  impossible  to  have 
the  same  means  of  keeping  the  gaseous  emanations  and 
effluvia  out  of  the  house  as  with  the  wator-wirriage 
syi^tem;  and  it  is  also  im|K)rtant  that  the  liquid  house- 
slojis,  wash-water,  etc.,  be  kept  separate  from  the  fecal 
waste,  which  should  be  kept  as  dry  as  ix>ssible  to  lessen 
putrefaction  and  to  increase  its  possible  value  as  a  fer- 
tJlizer.  Nor  should  this  liquid  waste  be  allowed  to  soak 
into  and  pollute  the  soil  about  the  house.  It  should 
be  collected  in  a  water-tight  reservoir,  whence  it  can  be 
removed  at  frequent  Intervals,  or,  better  yet,  carried  by 
euituble  drains  to  a  kitchen  garden  or  other  land  at  a 
proper  distance  from  the  house,  and  be  there  disposed  of 
by  irrigation  or  sub-irrigation. 

As  one  can  readily  see,  this  pail  system  is  especially 
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well  adapted  Ui  isulated  houses  and  small  uodidi  iioities, 
where  each  huusDholder  ean  take  care  lliat  the  nwfsiary 
details  are  properly  attended  to,  and  where,  as  is  Uki-ly, 
there  is  uot  a  general  water-ijupply,  or  where  the  exi»eii60 
of  coDBtructing  the  necessary  sewers  would  be  loo  great. 

But  even  in  cities  as  large  as  Manchester,  KngltituI, 
"  where  four-fifths  of  the  iMwple  are  obliged  to  liave 
earth -<!li>9ets,"  the  system  is  said  to  have  proved  entirely 
advantageous  and  pi-acticable. 

Wlicrc  there  is  a  common  and  general  sniiply  of  water 
throughout  the  house  or  to  a  numlier  of  hnuses  there  rriHst 
be  lume  provision  for  carrying  off  the  wasti'-waler,  and 
as  this  latter  will  have  pruhiibly  become  polluted  Id  its 
use,  it  will  be  advantageoas  to  utilize  it  to  remove  the 
other  sewage.  In  fact,  where  the  conditions  are  favorable 
the  water-carriage  system  will  usually  be  found  the  l»e*t 
of  all,  l>ecatise  it  is  more  nearly  automatic  and  depends 
least  on  human  interference  and  efficiency. 

The  ncL-cssary  apparatus  coDii)riHes,  on  the  one  Imnd, 
that  which  belongs  tii  the  builditig  and  its  premises,  vIk,  : 
the  houwc  fixtures,  pipes,  and  drains  ;  ami,  on  the  other, 
the  common  or  public  sewers  which  receive  the  sew^e 
fnim  the  house-drains  and  convey  it  to  its  place  of  alt 
mate  disjiosa]. 

Sewaffe-plnmbinff  and  House-drainage. 

The  essence  of  any  good  system  for  the  removal 
sewage  from  a  dwelling  or  building  is  simplicity.  Thi 
fore,  inasmuch  as  it  has  been  stated  that  sewage  should 
always  be  removed  fn>m  the  premises  as  soon  as  jxiasible 
after  its  production  and  before  fermentation  or  putrvfac- 
ti<m  liegins  in  it,  it  is  evident  that  in  such  a  ayslem  we 
sliDiihl  have  for  our  object   and  provide  for:   "1.  The 
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speediest  possible  removal  front  tlie  house  to  the  piihlio 
sewer  of  excretal  and  other  refuse  by  means  of  water.  2. 
The  prevention  of  the  deposit  of  foul  matter  in  any  i>art 
of  the  drainage  svstem  and  of  percolation  into  the  soil  of 
[Killuting  liquids.  S.  The  establishment  of  a  current  of 
air  ihrough  every  part  of  the  soil-drains  and  -pii>es,  in 
order  to  disperse  any  foul  gases  that  may  fomi  and  to 
allow  them  to  escape  with  safety  into  the  open  air.  4. 
The  prevention  of  any  entry  of  air  from  soil-pipes,  drains, 
and  waste-pipes  into  the  house.  5.  The  exclusion  of  the 
air  of  the  common  sewer  from  the  house-drains  and  the 
house;  the  last  being,  perhaps,  the  most  important,  as 
the  air  of  the  public  sewer  may  at  any  lime  contain  the 
active  germs  of  specific  disease." ' 

The  attainment  of  the  above  requirements  is  to  be 
secured  in  the  manner  to  be  described.  The  eoUr-pipe  is 
that  which  receives  the  sewage  fn»m  water-closets  and, 
HHilally,  from  the  waste-pt|»es  of  other  fistures,  such  as 
bath-tubs,  wai^li -stands,  sinks,  etc.,  and  which  connects 
them  with  the  hoiute-di-ain ;  the  latter  is  the  conduit 
connecting  the  soil-pipe  with  the  sewer.  WaMe-jHpea 
convey  the  contents  of  wash-stands  and  other  fixtures  to 
the  soil-pipes  or  to  a  branch  of  the  house-drain.  (See 
Fig.  69). 

The  soil-pipe  is  usually  located  almost  entirely  within 
the  house,  although,  were  it  not  for  the  danger  of  its  con- 
tents freezing,  it  would  be  better  to  have  it  fastened  to 
the  wall  outside.  It  is  made  of  cast  or  wrought  iron, 
should  be  at  least  four  inches  in  diameter,  should  convey 
the  sewage  as  directly  as  possible  from  the  fixtures  to  the 
house-iirain,  and  must  extend  unobstructed  from  the  latter 
to  several  feet  above  the  roof,  ending  where  winds  and 
1  L.  C.  Parkes,  Hygiene  kud  Public  Henltb,  2d  edition,  p.  138. 
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tbe  roof,  or  else  be  estendei!  and  coonected  to  tlie  main 
Boil-pijx!  above  the  highest  fixture  connected  therewith, 
a»  there  must  be  no  elot^ed  ends  wherein  foul  or  stagoant 
air  mny  collect.  All  joints  must  be  absctliitely  air-tight, 
and  the  pipe  miiat  be  so  secured  that  any  vibration  or 
settling  of  the  building  will  not  be  likely  to  destroy  ita 
contiuaity.  In  new  buildings,  especially,  all  Boil-pipes 
should  be  eJtpoaed  or  else  covered  in  with  panels  easily 
removable  at  any  time  to  permit  of  inspection  or  repairs. 
Any  hidden  pipes  or  those  difficult  of  access  should  be 
of  extra  heavy  materials,  sn<l  extra  cure  should  be  given 
to  the  joints  and  supports.  The  soil-pipe  and  house-ilrain 
slionid  both  be  as  smooth  as  possible  interiorly,  and  in  the 
construction  they  must  be  carefully  inspected  to  prevent 
any  of  the  material  UBe«l  in  caulking  or  cementing  the 
joints  from  projecting  ^t-ithin  to  prevent  the  free  flow 
of  sewage. 

Outside  of  the  house  the  house-drain  may  be  of  iron  or 
of  glazed  and  im[>ervious  earthenware,  but  no  earthen  pipe 
should  be  permitted  within  five  feet  of  a  foundation  wall, 
and  where  any  part  of  the  house-drain  is  within  the  build- 
ing it  should  be  of  iron  and  sfciircly  fastened  to  the 
foundation- wall  above  the  cellar  fliior.  The  connection 
between  it  and  any  s-iil-pipe  should  be  by  means  of  a 
rounded  elbow,  and  not  by  an  abrupt  right  angle.  (Fig. 
59.)  The  house-drain  should  not  be  le;^  than  four  nor 
more  than  ten  inches  In  diameter,  should  be  laid  on  a 
firm  foundation,  should  have  lur-tiglit  joints,  and  should 
have  a  slope  toward  the  sewer  of  at  least  one-half  inch  to 
the  foot. 

If  a  house-drain  empty  into  a  sewer  of  the  "  combined  " 
system,  there  must  be  a  trap  just  before  its  juuetion  with 
the  sewer  to  prevent  the  passage  of  sewer-air  back  into 
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tlie  house  (Fig.  61),  and  there  must  also  be  an  opening  1 
frL-sh  air  between  this  trap  and  the  house-drain, 
tliere  raay  be  a  constant  current  of  air  tlintugh  the  hoi 

Ro.  60. 


Method  of  connectliiK  aoll'plpe  with  hDoiie-dnln. 

drain  and  soil-pipea  to  the  exit  nbt)ve  the  roof,  and  \ 
air  in  the  soil-pipes  thus  kept  from  becoming  foul  a 


stagnant.     But  if  the  house-drain   empties  into  a  i 
of  the  "  separate  "  system,  there  need  be  no  trap  betw 
the  drain  and  eewer,  for  reasons  to  be  hereafter  i 
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liowever  the  freah-air  inlet  between  sewer  and  hnuse-draia 
is  always  advisable,  as  it  tends  furtber  to  assist  ventilation. 

A  house-drain  should  not  empty  into  a  cesspool  unless 
it  is  absolutely  neceasary,  aud  in  such  cane  the  cesspool 
must  be  well  ventilated  and  also  separated  from  the  drain 
by  a  fresh-air  inlet  and  trap,  just  as  when  the  drain  emp- 
ties into  a  combined  sewer.  Nor  should  any  cesspool 
empty  into  a  sewer. 

Where  rain-water  conductors  empty  into  house-dratns 
or  sewers,  they  should  be  separated  from  the  latter  by 
traps  having  a  seal  of  not  less  than  five  inches,  to  prevent 
sewer-air  passing  up  through  them  to  the  vicinity  of  win- 
dows, etc.  So,  also,  all  wastf-pipes  and  other  pipes  open- 
ing into  house-drains  should  be  trapped. 

In  the  house  all  water-closets  and  other  fixtures  should 
be  as  ucar  the  soil-pipe  as  possible  that  there  may  be  no 
long  stretches  of  foul  waste-pipe  underneath  the  floors, 
and  all  connections  with  the  soil-pipe  should  be  made  at 
an  acute  angle  that  tlie  disohai^  into  the  hitter  may  not 
interfere  with  its  free  ventilation.  Each  fixture  must  l>e 
separately  trapped,  and  Ihe  trap  must  be  located  as  near  its 
fixture  as  possible.  There  must  be  no  connection  between 
a  fixture  and  the  soil-pipe  or  house-drain  which  is  not 
trapped. 

A  little  reflection  will  show  that  by  observing  the  above 
rules  of  constniction  provision  will  have  been  made  for 
each  of  the  five  specified  requirements  of  the  sj'stem,  and 
the  air  in  the  soil-pipes  will  be  almost  as  pure  as  that  of 
the  house  itself.  The  absorption  of  foul  gases  by  the 
wat«r  in  the  house-traps  and  their  subsequent  dispersion 
into  the  atmosphere  of  the  house  will  also  l»?  almost 
impossible.  But  there  must  always  be  free  «)mmimica- 
tion  between  the  air  inlet  into  the  hmise-drain  and  the 
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outlets  from  and  ut  the  top  of  the  Boil-pipes ;  othei 
the  air  io  the  soil-pipe  caimol.  be  changc-d  and  foul  gases 
will  accumulate  which,  by  their  pressure,  would  tend  to 
force  themselves  into  the  house  whenever  ivn  opportunity 
occurred,  and  might  even  overcome  the  seal  of  some  of 
the  traps. 

Trapn  are  "appliances  placed  between  house  conve- 
i  (iistures)  and  soil-pipes  and  drains  or  sewers,  to 
prevent  sewer-gas  gaining  an  entrance  into  the  houee." 
Most  traps  are  too  wiuiplicated.     The  simpler  a  trap  the 
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l)etter,  provided  it  Imve  suffiiient  seal.  The  seal  of  a 
trap  is  the  depth  of  water  or  the  mechanical  appliance 
which  prevents  the  l«wk-flow  of  gas.  Mechanical  appli- 
ances arc  liable  to  become  clogged  and  not  to  fit  tightly, 
tlins  allowing  the  jinswige  of  sewer-air;  they  also  tend  to 
check  the  free  onward  flow  of  the  sewage,  thus  favoring 
deposition  in  and  preventing  the  cleansing  of  the  trap. 
The  S  or  siphon  trap  is  at  simple  as  any,  is  of  uniform 
diameter  thronghont,  has  no  comers  or  projections  to 
catch  dirt,  and  is  thoroughly  olcanHKl  by  each  fair  flow 
of  water  through  it.    The  value  of  a  trap  does  n 


acii    imr  now        i 
es  not  depend       J 
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TRAPS  FOB  SEWEH-OAS. 

so  much  oD  the  nmoutit  of  water  !t  contaiDS  hb  on  the 
depth  or  strength  of  the  seal.  On  uccouiit  of  evaporation 
tlie  water-seal  of  a  trap  may  become  lessened  or  dt^- 
stroyod  unless  the  fixture  to  which  it  is  attached  be  in 


Boll  imp. 


frequent  use ;  it  is  therefore  advisable  to  have  as  few 
fixtures  of  any  kind  in  the  house  as  the  comfort  or  con- 
venience of  the  inmates  will  allow.  So,  also,  if  a  house 
is  to  I>e  unoccupied  for  a  time,  it  is  well  to  cover  the 
water  in  the  traps  with  oU  or  glycerin  to  prevent  evapo- 

Fio.  (SO.  Fin.  67. 


ration  of  the  former.  I.rtakage  or  capillary  action,  the 
latter  caused  by  accumulations  of  hair,  thread,  etc.  in  the 
trap,  may  likewise  lower  the  wat«r  so  that  »iewer-gas  may 
pass  through  from  the  soil-pipe. 
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Lastly,  the  seal  of  a  trap  may  be  broken  by  eiphonagp, 
eitlier  by  a  strong  rush  of  water  through  it  from  it.s  own 
fixture,  or  by  a  rush  down  the  soil-pipe  from  a  fixture 
higher  up,  and  (bis  is  especinliy  liable  to  occur  if*  tJic  trap 
be  some  distance  from  the  soil-pipe,  or  if  the  Hxttires  above 
dischai^  a  lai^  amount  of  water  at  once.  To  prevent 
this,  openings  are  sometimes  made  at  the  top  of  the  traps 
on  the  side  next  the  waste-pipe  or  soil-pipe  and  con- 
nected with  vent-pipes,  which  should  open  into  tlie  soil- 


pipe  above  the  entrance  of  the  waste-pipe  fit)m  the  highest 
fixture,  or  be  continued  separately  into  the  out-door  air, 
(See  Fig.  59.)  But  this  greatly  increases  the  expense,  and, 
us  the  vent-pipes,  to  be  efficient,  must  be  almost  two  inches 
in  diameter,  they  also  favor  evaiwration  from  the  trap. 
If  the  trap  ia  properly  consfnicted,  if  the  soil-pipe  is  of 
suitable  size  and  height,  and  if  the  fixtures  l>e  place<l 
as  near  the  soil-pipe  as  possible,  there  will  be  but  little 


AXTI-SIPHOSINO  ATTACHMENT. 
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danger  of  eiphonage  occurring.  Where  it  does  occur, 
MeClellan's  anti-siphoii  attachmeut  (Fig.  69)  is  said  to 
work  advantageoui^ly,  beiog  iDcxpenaive  and  permitting 
a  free  ingress  of  air  lo  thf  trap,  but  no  egress  of  air  from 
the  soil-pipe  into  the  house.  In  this  device  a  sniall 
weighted  and  inverted  eup  rests  with  its  edge  immersed 
in  a  ring  of  mercuiy,  from  whicli  it  is  raised   by  the 


UcClell&li'i  BDll-sipboti  niuchment.  Sectlonftl  ylew  of  vent  wftb  cnp  lUtad 
out  or  tbo  mercDrf  hj  the  Inflowing  cnrrent  u/  air,  ladicated  br  Ihe  arrow*. 
(Roat.) 

atmospheric  pressure  only  when  the  sipbonage  sufficiently 
reduces  the  pressure  within  the  pipes.  The  mercury  and 
the  weight  of  the  cup  make  a  seal  sufficient  to  prevent 
any  outflow  of  gas.  It  is  also  said  that  if  the  waste- 
pipe  be  connected  with  the  soil-pipe  by  a  divergent  open- 
ing, sipbonage  will  be  less  likely  to  occur. 

All  waste-pipes,  soil-pipes,  and  house-drains  should  be 
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tested  before  U)^e  by  closing  all  openings  and  forcing  in 
air  to  a  pressure  of  at  least  thirty  jiounik  to  tlie  square 


inch.     Ijeaks   may  be  deteote*]    liy  jiUigging   the   lower 
openings  and  filling  the  pipes  with  water,  or  by  [)ouring 
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an  ounce  of  oil  of  peppermiut  iuto  the  highest  fixture  and 
quiekly  following  this  with  iieveral  gallons  of  hot  water, 
the  beat  volatilizing  the  oil,  whose  odor  eseapes  at  every 
opening  in  tlie  pi[)es  unprotected  by  a  trap  or  water-seal. 
The  heat  imparted  by  the  hot  water  will  also  help  to  trace 
out  hidden  soil-pipes. 

All  fixtures  should  be  exposed  to  the  free  ventilation 
of  air  underneath  and  about  them,  and  water-closets  and 
wash-standa  should  not  be  closed  in  with  carpentry  work. 
(See  Fig,  70.)     Traps  should  also,  if  possible,  Iw  where 


ash-l>Min  wllh  ovrrflow  hr.rn  ill) 
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they  may  be  opened  and  inspected  at  any  time.  Under 
each  closed-in  fixture,  if  there  must  be  such,  there  should 
be  a  drip-safe  to  catch  any  leakage  or  overflow  of  water, 
but  the  pipes,  if  any,  leading  from  these  should  never 
empty  into  waste-pipes  or  soil-pipes ;  they  should  lead 
preferably  into  the  open  air  and  not  to  the  cellar,  as  the 
cellar-air,  which  is  usually  impure,  thus  gains  access  to  the 
house.  Even  if  these  drip-safe  pipes  are  trapped  and  open 
info  the  soil-pipe,  the  water  in  the  trap  is  replenished  so 
rarely  that  evaporation  soon  destroys  the  seal  and  allows 
the  air  to  pass  from  the  soil-pipe  into  the  house. 
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The  overflow-pipe  of  old-fft^iliioned  wash-stands  and 
biitli-tults  is  objectiiinable,  as  it  eolloet^  dirt  of  all  kinds, 
soap,  epithelium,  etc.,  and  it  is  itlmost  impossible  to  clean 
it.  Beside,  it  will  oilea  be  fuiind  openiug  into  tbe  vaste- 
pipe  behw  the  trap,  thus  allowing  tbo  free  passage  of 
sewer-air  info  the  room.     When  new  fixtures  are  lieing 
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ImproTed  aUnd-pIpe  orerflow.   (HiBUHOtoM.) 

put  in  they  should  preferably  be  siieli  as  make  use  of  the 
stiind-pipo  principle  in  the  stoppers  and  that  have  no 
.«eiiarate  or  concealcsl  overflow-pipe  or  outlet. 

Water-closets. — The  requisites  for  a  {jood  wafeix^loset 
are :  that  it  does  nut  allow  the  escape  of  sewer-air  from 
the  soil-pipes  into  tlie  house ;  that  it  is  thoroughly  and 
easily  cleaned   each   time   after  use ;    tliitt  there   are    no 
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hidden  parts  in  which  filth  can  collect,  or  which  cannot 
be  readily  cleaned ;  that  the  flushing  or  washing  out  of 
the  closet  be  done  in  suoh  a  way  that  dirt  or  spray  be  not 
thrown  into  the  air  of  the  room  ;  that  there  be  suftieieut 
water-supply  to  wash  out  the  bowl  and  trap  each  time  and 
to  refill  them  to  the  proper  level ;  that  the  trap  itself  is  not 
siphonei:!  or  left  empty  by  a  discharge  of  water  from  this 
or  another  fixture. 


Of  the  difierent  kinds  of  water-closets  the  pan  and  the 
valve  closets  are  the  oldest  and  the  worst,  and  shoulil  not 
be  used.  They  consist  of  a  receiving  bowl,  the  bottom  of 
which  opens  into  a  swinging  pan  or  is  closed  by  a  valve. 
The  pan  or  valve  and  the  lower  part  of  the  receiving  bowl 
are  enclosed  in  another  bowl,  the  container,  connected 
with  the  soil-pipe  and  trap.  The  depth  of  water  in  the 
receiving  bowl  in  pan  eloseta  is  regulated  by  the  depth  of 
the  pan,  and  in  valve  closets  by  the  location  of  an  overflow 
ontlet.  In  both  kinds  the  contents  of  the  receiving  bowl 
are  dischai^ed  into  the  container  by  the  tipping  of  the 
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pan 


'  valve, 

as  well  as  the  under  aide  of  the 


ml   consequently  the   (tides  of  tlie    ton- 


pan  0 


'y  soon 

become  thickly  coated  with  filth.  This,  heing  biddvo, 
accumulates,  decomjHtscs,  and  contaminates  the  air  in  the 
container,  which  air  is  of  necessity  discharged  into  tlic 
room  as  otlen  as  it  ia  displaced  by  the  contents  of  the 
receiving  bowl.  In  valve  closets  the  overflow-pipe  from 
tile  receiver  furnishes  an  additional  way  by  wlilcli  the 
foul  air  may  pass  from  the  container  into  the  atmosphere 

Fio,  74. 


of  the  room.     It  needs  no  argument  to  show  that  tb 
closets  are  decidedly  dangerous  to  health. 

Ping  or  plunger  closets  are  those  in  which  tlit;  outlet 
above  the  trap  is  stoppered  by  a  plunger,  this  being  usu- 
ally in  a  chamljer  at  the  side  of  the  receiving  bowl.  The 
bowl  and  side  chamber  holding  a  considerable  quantity  of 
water,  the  trap  is  well  flusheci  out  each  time  of  use  ;  hut 
the  side  chamber  and  plunger,  being  hidden  and  not  (yisily 
cleaned,  soon  become  coated  with  dlth  and  daugerous  to 
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liealtli,  as  there  is  nothing  to  prevent  the  air  from  passing 
from  tliis  chamber  into  tiie  room.     Morcuviir,  the  plug 


ir  plunger  clowl, 

may  not  close  the  opening  completely,  thus  allowing  a 
continual  waste  of  water.     A  tntppttl  overflow-pipe   in 
the  plunger  keeps  the  closet  from  overflowing. 
Fio.  76. 


Hopper  closets  consist  simply  of  a  bowl  connected  below 
with  an  ordinary  trap,  and,  as  there  is  nothing  to  get  out 
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of  order,  this  kind  is  theoretically  one  of  the  best,  1 
objection  to  long  hoppers  is  that  dirt  is  apt  to  stick  t« 
sides  and  become  ofteneive,  but  this  tan  be  preventoci  if] 
is  BO  arranged  that  water  begins  to  flow  down  the  sides  \ 
noon  ait  the  closet  ih  put  to  use,  tliiis  preventing  adhesid 
Short  lioppere  liave  not  tliia  objection,  as  the  feces  fi| 
directly  into  the  water  in  the  bowl  and  are  carried  o^ 
through  the  trap  as  the  bowl  is  flushed.  AH  water-clos^ 
should  have  a  flushing  rim  encircling  the  top,  so  that  ■ 
sides  of  the  bowel  may  be  washed  down  and  cleansed 
time  the  closet  is  used. 

Fio.  77. 


WMh-oul  waler-closet,    {P*RKra,)  D«c«co  ilphoa  cIobcI,    (TiBin.) 

Wash-ont  closets  retain  considerable  wafer  in  the  bow! 
and  are  emptied  by  a  strong  flush  of  water  from  the  flush 
ing  rim.  They  are  simple,  do  not  readily  get  out  of  onlfl 
and  are  mucli  in  favor  at  the  present  time.  As  they  u 
a  modification  of  the  short-hopper  closet,  so  is  the  stpho 
closet  a  modification  of  the  wash-out  variety. 

In  the  siphon  closet  the  contents  of  the  bowl  and  tr« 
are  lifted  ont  by  siphonic  action,  an<i  then  the  bowl  an 
trap  are  refilled!,  as  in  the  case  of  wash-ont  closets,  by  a 
after-flnsh.  In  the  Dececo  closet — a  siphon  closet — ns 
18  made  of  the  principle  involved  in  the  Field 
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Hopper,  wash-out,  ami  siplioii  t-Iost'ts  should  be  su|)- 
phed  from  wuter-closet  cisterns,  whith  should  give  a  cei> 


tain  and  sufficient  volume  of  water  with  only  a  short 
pull  on  the  chain  The  bowl  and  trap  should  also  be 
ant^imatically  refilled  fmm  the  ciitern  afttr  use 

Water-clost  tH  slioulil  not  be  connetteil  directlj  with  the 
water-supply  pipes  of  the  house,  as  air  from  the  closets 
may  be  sucked  mto  them  at  time?  when  tin  water-supply 
is  cut  off  and  the  water  aft«r«ard  confammated  by  it. 
But  this  is  difficult  to  avoid  in  pan,  %alvc,  or  plug  closets, 
and  is  another  serious  objection  to  their  use. 

Vent-pipes  from  the  IkiwI  and  seat  of  watpr-closets 
must  be  lai^,  and  must  nut  open  into  the  soil-pipe,  but 
into  the  open-air ;  they  must  not  open  near  a  window  nor 
any  ]>l:ice  from  which  air  is  taken  into  the  house,  but  may 
open  into  a  flue  which  is  constantly  heated,  as  a  kitchen 
chimney,  or  may  themselves  lie  heated  and  have  a  current 
maintained  in  them  by  a  small  lamp  or  gas-jet.  In  tliis 
way  the  room  in  which  a.  wuter-closet  is  located  may  be 
effectively  ventilated. 

Water-closets  should  never  be  pUced  in  dark  closets, 
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nor  in  Ixnl-rooraa  or  liviiig-roDms,  but  should  always  be 
in  Ht'jMiratc  moms  that  liavc  free  commiiuu^tiou  with  the 
open  air  by  means  of  a  lai^'  window  or  by  a  ventilating 
shaft  of  at  least  four  square  feet  sectional  area  throughout 
its  length.  It  is  also  advisable  that  bed-rooms  should 
not  communicate  directly  wl  bath-rooms,  ttc,  «in- 
taining  water-closets,  unless  Unre  is  every  assurance  that 
the  closet  and  jtlumbing  cunncc  cd  witli  it  arc  first-cluss 
in  every  particular. 

A  rec«Bt  device  which  is  intended  for  attachment  to  the 
flusb-pipcs  of  water-closets  and  to  the  wa8te-pii)es  of  otJier 


AutoniMIc  Injector  for  dltinl^cting  trapa,  w«t«rK!liweli,  etc. 

fixtures  between  them  and  their  traps,  automatically  dis- 
cbarges with  each  flow  of  water  through  the  respective 
pipes  a  sufficient  quantity  of  an  antiseptic  to  prevent  all 
growth  of  micro-organ  isma  in  the  traps  or  thdr  contents. 
{Fig.  80.)  This,  when  used,  aids  not  only  in  obviating 
the  cficape  of  harmful  or  disagreeable  gases  into  the  house, 
but  also  largely  prevents  the  addition  of  disease  germs  to 
the  contents  of  the  public  sewer. 

Sewers. — These  are  the  conduits  provided  to  receive 
and    convey  tlie    contents    of  house-dntins  and    other 
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(Intins  to  the  place  of  final  disposal  or  discliai^e.  Thvy 
may  bt-  of  eitLer  of  two  kinda — cmiibhied  or  sejMnUe. 
Sowers  of  the  firat  (jlafis,  which  have  heretofore  been 
nio^t  commonly  used  in  this  country,  are  (instructed  to 
carry  off  all  kindy  of  sewage,  the  waste  liquids,  etc.  from 
factories,  street-washings,  and  the  surplus  rain-water  of 


the  district  drained  by  them.  As  this  necessitates  a  si/e 
and  capacity  sufficient  to  receive  the  greatest  probable 
rainfall  upon  the  area  drained  in  addition  to  the  other 
Bcwagp,  it  is  evident  that  the  depth  of  the  usual  daily  vol- 
ume of  the  latter  in  the  sewer  will  l>p  so  shallow  and  the 
current  so  alu^ish  as  greatly  to  favor  the  settling  of  the 
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solid  and  semisolid  coustituetiU,  the  obstruction  uf  the 
Bowers,  and  the  development  of  bacteria  and  eewer^as. 
To  obviate  these  faults  aud  to  insure  a  more  rapid  flow  hy 
keeping  the  depth  of  sewage  as  great  as  possible,  the 
smaller  conduits  at  least  are  generally  made  ovoid  in  sec- 
tion, the  smaller  entl,  of  course,  being  downward.  Com- 
bined sewers  are  not  only  more  ex^wiisive  to  construct  and 
to  keep  in  rejiair  than  those  of  ttie  separate  system,  but 
greater  care  must  be  had  to  see  that  they  are  at  all  times 
properly  ventilated.  The  main  advantage  claimed  for 
them  is  that  the  expense  of  constructing  separate  coaduits 
for  factory  wastes,  street-washings,  and  the  excess  of  rain- 
water is  avoided ;  but  this  is  a  doubtful  one  both  id  respect 
to  economy  and  sanitation. 

The  ventilation  of  sewers  of  this  kind  is  usually  sufB- 
cieiitly  provided  for  by  the  inlets  for  street- washings  and 
rain-water,  located  at  street-comers,  etc. ;  but  if  these  are 
not  close  enough  together  to  keep  the  sewer  atmosphere 
constantly  changing  and  reasonably  pure,  other  ventila- 
tion openings  should  be  made.  But  in  all  cases  the  air 
from  sewers  of  the  combined  system  must  be  excluded 
from  house-drains,  etc.,  by  the  traps  which  have  been 
described. 

To  the  sewers  of  the  separate  system  only  the  sew- 
age proper  from  dwellings,  and  occasionally  from  small 
factories,  is  admitteil,  the  rain-waters,  surface-waters,  and 
soil-waters  being  removed  by  other  drains  or  channels. 
The  advantages  of  this  system,  which  is  now  indorsed 
by  almost  all  sanitarians,  are  that  the  volume  of  sewage 
to  be  carried  U  comparatively  small  and  constant,  and  that 
it  can  be  calculated  very  approximately  from  the  daily 
water-supply  and  population ;  that  the  cost  of  construc- 
tion is  much  less  than  that  of  sewers  of  the  combined 
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system,  and  that,  while  it  is  available  and  satisfactory 
for  large  cities,  it  is  the-only  oae  that  small  communities 
would  consider  or  can  aflortl ;  that  the  sewage  is 
concentrateil  and  uniform  in  compoijitiuii,  and  can  thus 
be  better  utilized  as  a  fertilizer  or  disposed  of  iu  whatever 
manner  may  be  most  sanitary  and  advantageous ;  that  the 
sewers,  having  smaller  peripheries  and  smoother  walls,  are 
more  frequently  and  effectually  flushed,  and  that  they  are 
more  conipleloly  ventilated  and  altogether  better  suited  to 
tlie  work  to  be  performed.     The  disadvantages  of  sewers 
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of  this  class  are  that  a  ^immunity  must  have  two  sots  of 
drains,  one  for  sewage  and  the  other  for  rain,  Ntrwt,  and 
factory  waters,  and  that  after  a  pnitracte<l  dry  treason  tiie 
street-washings,  etc.,  may  be  very  foul ;  but  these  are  out- 
weighed by  the  advantages  above  mentioned. 

"No  sewer  of  this  system  should  be  more  than  six 
inches  in  diameter  until  it  and  its  branches  have  accumu- 
lated a  sufficient  flow  at  the  hour  of  greatest  use  to  fill 
this  size  half-full,  because  the  use  <if  a  lai^r  size  is  waste- 
fill  and  because  ventilation  becomes  less  complete  as  the 
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size  increases.  The  size  should  be  increased  gradually 
and  only  so  rapidly  as  is  necessary  by  the  filling  of  the 
sewer  half-full  at  the  hour  of  greatest  flow;  and  the 
upper  end  of  each  branch  Sewer  should  be  provided  with 
an  automatic  flush-tank  (Fig.  82)  of  sufficient  capacity  to 
secure  the  thorough  daily  cleansing  of  so  much  of  the 
conduit  as  from  the  limited  flow  is  liable  to  deposit  solid 
matters  by  the  way." 

There  should  ordinarily  be  no  traps  between  house- 
drains  and  sewers  of  the  separate  system,  since,  having 
no  rain-water  inlets,  the  latter  would  otherwise  have  no 
openings  for  ventilation.  Moreover,  since  the  "  separate '* 
sewers  arc  so  regularly  and  thoroughly  flushed,  the  air  in 
them  is  not  likely  to  be  so  impure,  and  there  is  not  the 
same  reason  for  oxeluding  it  from  the  house-drains,  etc., 
as  there  is  regjirding  the  air  from  "combined"  sewers. 
The  jimetioii  of  liouse-drains  with  acwere  of  the  sepanite 
system  sliould  be  by  divergent  openings,  so  that  the  air 
may  j)ass  freely  into  the  drain  as  the  sewage  empties  into 
tlie  sewer. 

Sliould  one  desire,  however,  to  separate  his  house-drain 
from  the  public  sewer  by  means  of  a  trap,  and  thus  pre- 
vent the  ingress  of  sewer-air  into  his  premises,  the  venti- 
lation of  the  s<»wer  can  be  secured  by  providing  a  vent- 
pipe  between  the  trap  and  the  sewer.  But  in  no  case 
must  the  inlet-i)i])e  for  air  on  the  other  side  of  the  trap, 
betvvcMMi  it  and  the  house,  be  omitted  ;  nor  should  the  two 
air-pip(s  he  so  near  together  that  air  from  the  former  will 
be  likely  to  be  drawn  into  the  latter. 

All  sewers  should  be  laid  on  a  good  foundation  with 
sufficient  fall  to  give  at  least  a  velocity  of  two  feet  per 
second  to  the  flow.  If  made  of  brick,  they  should  l>e 
laid  in  a  mortar  made  of  cement  and  sharp  sand,  and  all 
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sewen  should  Ik  as  Rmootli  as  possible  inside  to  prevent 
the  arrest  of  particles  of  eewagc.  Sewers  of  the  eoiu- 
BidckI  system  should  not  be  pervious  to  the  aoil-water,  as 
the  liquid  sewtige  is  just  as  apt  to  pass  from  them  to  the 
s<:iil  nnd  to  [Kfllutti  it  dangerously  as  the  soil-water  is  to 
piwa  into  the  sewers.  But  the  rain-water  drains  of  the 
scjKinite  system  may  aLio  lie  employed  to  drain  the  subsoil. 

The  ultimate  (Uspoaal  of  sewage  is  a  matter  of  eon- 
siderable  importance  which  commonly  does  not  receive 
thd  iittention  it  deserves.  The  usual  mclhoil  in  this  coiui- 
try  of  discharging  the  sewage  into  a  running  stream  is 
reprehensible,  because  the  natural  purification  of  a  water 
thus  contaminated  must  always  be  slow  and  more  or  less 
uncertain,  and  because  the  riwk  to  those  using  the  jxilluted 
water  must  be  a  constnntly  increasing  one.  Where  the 
district  drained  and  supplied  by  the  stream  is  a  sparsely 
settled  one,  and  where  the  volume  of  fresh  or  running 
water  is  very  large  in  pn)portion  to  the  quantity  of  pol- 
lution it  receives,  the  objections  to  the  disposal  of  sewage 
in  this  way  may  be  theoretical  rather  than  practical ;  but 
as  the  population  increases  and  the  ratio  of  pure  water  to 
filth  decreases  Itcyond  certain  limits,  the  question  becomes 
more  serious  and  pertinent.  It  is  said  that  to  dilut« 
safely  the  sewage  of  1000  persons  requires  from  two  to 
four  million  gallons  of  unimlluted  water  [kt  day;  this,  of 
course,  not  destroying  the  disease  germs  nor  eliminating 
tiie  danger  of  their  multiplication. 

Other  methfHls  of  sewage  disposal  resemble  closely 
those  already  describe*!  for  the  purification  of  water,  in 
that  they  make  nse  of  sulwidence,  chemiad  treatment, 
nnd  filtration.  The  sewage  may  be  collected  in  lai^ 
tanks,  with  or  without  the  nddition  of  certain  chemicals, 
such  as  lime,  alum,  or  sulphate  of  iron,  to  increase  tha 
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icipitatioD,  and  the  suspended  impurities  allowed  to^i 
:ttle  to  the  bottom  of  the  taiiki',  whence  they  can  be 
einoved,  squeezed  [Hirtially  dry  in  hydraulic  presses,  anil 
pitlier  disposed  of  as  a  fertilizer  or  cremated.  The  elear 
[fluent  or  liquid  part  of  the  sewage  may  be  allowed  to 
iiow  at  onoe  from  tJie  settling  tauks  into  a  convenient 
watercourse,  provided  it  is  thero  well  diluted,  or  it  may 
■ett^r  l>e  filtered  through  an  area  of  porona  soil  or  tliruugh 
jrepannl  filter-beds.  If  the  filtration  is  properly  done,  the 
nitrate  will  contain  nothing  harmful,  and  may  be  alloweil 
to  flow  where  it  will  without  danger.  A  properly  pre- 
pared filtcr-Uil  of  twelve  inches  of  sand  upon  eighteen 
inches  of  gravel  or  magnetic  carbide  of  iron,  with  an  ana 
of  one  acre,  is  said  to  be  able  to  purify  from  one  to  two 
million  gallons  of  clarified — effluent — sewage  in  twenty- 
fonr  hours. 

Chemical  treatment  will  probably  cost  from  thirty-five 
to  fifty  cents  or  more  per  annum  per  individual  of  the 
]>opuIation  supplying  the  sewage,  but  an  even  more 
imjtortant  question  than  cost  la  whether  the  addition  of 
the  chemicals  may  not  interfere  with  the  natural  bioI<^ic 
processes  of  ]>urification  constantly  taking  place  in  most 
sewage.  Chemicals  that  are  or  have  been  used  as  pre- 
cipitants  are  hme,  lime  with  alum,  sulphate  of  iron  or 
alkali  waste,  sulphate  of  iron  alone,  and  a  combination  of 
ahim,  charcoal,  and  clay.  The  precipitate  obtained  with 
Ihe  latter  makes  a  su])erior  fertilizer. 

Sewage  may  also  be  disposed  of  by  intermittent  down- 
ward filtnition,  either  through  specially  eonstmeted  filter- 
beds  or  a  prepared  area  of  soil ;  by  irrigation  or  siib- 
irrigation,  and  by  the  so-called  septic-tank  method. 

For  sewage,  intermittent  filtration  is  superior  to  the 
continuous   proce.-^s — in   fact,  is  almost  essential,  as   the 


I 


INTERHITTEST  FILTRATION  OF  SEWAGE.      4193 

interruption  in  the  pcrcolatioQ  permits  a  renewal  of  tiie 
air-supply  in  the  filtering  medium  or  soil,  and  thus  fur- 
nishes a  sufSoient  quota  of  oxygen  for  tlie  oxidation  and 
nitrification  of  the  excessive  amount  of  oi^nie  matter  in 
the  sewage.  With  sufficiently  frequent  intermittence,  fine 
sand,  such  as  is  nse<l  for  building  purposes,  makes  an 
excellent  artificial  filter,  capable,  it  is  stated,  of  purifying 
50,000  gallons  of  crude  sewage  per  acre  per  day  and  of 
removing  all  the  Bolids,  much  of  the  dissolved  mattere,  and 
99  per  cent,  of  the  contained  bacteria.  Where  the  crude 
sewage  is  allowed  to  settle  or  b  treated  biolc^ically  in  the 
septic  tanks,  a  much  greater  quantity  of  the  clarified 
effluent  can  lie  filtered  daily,  as  is  indicated  above. 

By  intermittent  soil  filtration  we  mean  "  the  concentra- 
tion of  sewage  at  short  intervals,  on  an  area  of  specially 
chosen  porous  grotmd,  as  »maU  as  will  absorb  and  cleanse 
it ;  not  excluding  vc^tation,  but  making  the  produce  of 
secondary  importance.  The  intermittency  of  application 
is  a  sine  t/uti  won  even  in  suitably  i^nstitnted  soils  where- 
ever  complete  success  is  aimed  at." '  Tlie  land  should  be 
levelled  and  nnder-drained  with  tile  drains  at  the  depth  of 
five  or  six  feet,  and  should  be  divided  into  four  parts,  no 
part  to  receive  sewage  for  more  than  six  hours.  An  acre 
of  pmperly  prepared  soil  will  thus  dispose  of  the  cnule 
sewage  of  1000  to  2000,  or  the  clarified  sewage  of  5000 
people. 

The  soil  to  be  used  for  this  purpose,  as  well  as  that  for 
irrigation  and  stilnirrigatioi],  should  be  porous  and  loamy  ; 
if  clay,  it  should  be  well  broken  np  and  mixed  with  ashes ; 
sand  does  not  purify  sewage  well,  especially  at  first,  in 
these  methods.  The  sewage  impurities  are  removed  partly 
by  mechanical  filtration,  hut  especially  by  oxidation,  the 

'  Hutropolitui  8«<nwe  Cuniruiwati;  gee  Nutter  and  Firlh,  p.  546. 
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lattiT  being  due  portly  to  tlie  air  id  the  interstices  of  tbe 
soil,  but  cliiefly  to  the  saprophytic  bacteria,  which  rajiidly 
convert  tbe  organic  impurities  into  ammonia,  uitrates, 
nitrites,  and  other  simple  compoundg. 

Irrigation  means  "  tlie  distribntion  of  eewage  over  a 
large  surface  of  ordinary  agricnltural  gronnd,  having  in 
view;  a.  maximnm  growth  of  vegetation,  consistently  with 
due  purification,  for  tbe  amount  of  sewage  supplied." ' 
Sub-irrigation  is  a.  modification  of  this,  the  sewage  being 
delivered  through  porous  drains  a  few  inches  beneath  the 
surface  of  the  soil.  Unless  very  porous,  tlie  land  should 
bo  under-di-aincd  ;  it  should  also  Ix'  levelknl  (o  prevent  the 
sewage  flowing  off  tbe  surface  too  rapidly.  The  under- 
drains  need  not  be  nearly  so  close  together,  however,  as  in 
the  intermittent  filtration  system.  The  crops  raised  on 
irrigation  farms  are  healthful  in  every  respect,  and  there 
can  be  no  reasonable  objection  to  their  use  as  food ;  there 
wcuild  be  decided  objection,  however,  to  sprinkling  the 
v^;etables  with  sewage  water. 

On  the  lat^  irrigation  farms  of  the  city  of  Berlin  the 
cost  of  sewage  di3]>08al  is  about  covered  by  the  returns 
from  the  crops  raised  upon  them.  The  mortality  of 
those  employed  upon  them  is  very  low,  and  there  seems 
to  be  no  particular  tendency  to  illness  that  can  be  at- 
tributed to  the  sewage.  It  is  even  said  that  the  employfe 
use  with  impunity  the  clear  water  in  the  effluent  canals 
for  drinking  and  other  purposes.  Paris  has  also  adopted 
the  irrigation  method,  and  hereafter  the  sewage  of  the 
entire  city  will  be  treated  in  this  way.  The  sewage  of 
from  100  to  150  persons  per  acre  may  be  satisfactorily 
disjiosed  of  hy  irrigation,  Berlin's  rate,  with  an  especially 
favorable  soil,  being  142  per  acre.  It  is  to  be  especially 
1  Hetropolitau  Sewage  CommisBioii ;  see  Hotter  and  Firth,  p.  M7. 
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recommcndL'd  for  isolntol  houses,  Tor  small  communitiei^, 
or  for  cbnriuible  or  other  State  institutions. 

The  "septic  tank"  system  for  the  disposal  of  sewage 
particularly  aims  to  take  advantage  of  the  biologic  and 
saprophytic  action  occurring  naturally  in  all  pollnt«l 
waters.  The  idea  is  to  favor,  and  not  to  hinder  the  purify- 
ing bacteria  and  other  agencies  by  placing  the  sewage 
under  the  conditions  most  favorable  to  their  growth  and 
action,  thus  facilitating  the  conversion  of  oi^nic  matters, 
both  solid  and  dissolved,  into  substances  entirely  harndess 
and  unobjectionable.  In  other  words,  advantage  is  to  be 
taken  of  the  action  of  both  the  anaerobic  and  aerobic 
saprophytes  which  abound  in  all  sewage  that  is  not  too 
strongly  imprc^iatcd  with  antiseptic  chemical  Wiistes 
fi-om  factories  or  other  sources.  In  the  intermittent  fil- 
tration and  irrigation  methods  of  sewage  disposal  the  ser- 
vice of  the  anaerobic  oi^nisms  is  practically  eliminated 
l>eca[isc  the  success  of  these  methods  depends  largely  u[K}n 
a  free  and  frequent  aeration  of  the  filtering  material  or 
tlic  soil. 

The  septic  tank  is  long  and  comparatively  shallow,  but 
should  have  such  a  capacity  and  cross-section  that  the 
sewage  will  pass  through  at  the  average  rate  of  alxiut  one- 
half  inch  per  minute,  and  be  almost,  if  not  quite,  twenty- 
fiHir  hours  in  traversing  the  tank.  At  the  upper  end,  the 
fresh  sewage  enters  within  a  few  inches  of  the  Ijott^im  of 
the  settling  or  "grit  ehamlter,"  which  is  sepunitcd  by  a 
partition  from  the  rest  of  the  lank,  and  in  which  most  of 
the  street  sand  and  other  inorganic  solids  are  collected. 
Thence  it  goes  into  the  larger  space,  wliere  the  anaerobic 
bacteria  carry  on  their  work. 

The  tank  should  bo  entirely  covered  in  to  exclude 
and  light,  for  tJiougb  a  thick  scum  or  cake  of  sludge  soon 
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forms  on  top  that  would  serve  this  parpoee,  there  b 
always  possibility  of  it  being  broken  and  air  admitted  bj 
ice,  snoWy  or  other  causes. 

As  the  sewage  passes  slowly  through  the  long  tank  the 
organic  matter  is  decomposed  with  the  evolution  of  oon- 
sideroble  gas  that  may  be  collected  and  used  for  heating 
purposes.  In  a  certain  tank  about  66  feet  long,  through 
which  the  sewage  flowed  at  a  depth  of  from  7  to  7f  fcet^ 
and  at  a  daily  rote  of  64,000  gallons  throughout  the  year, 
it  was  found  that  of  the  10  grains  of  mineral  and  14.5 
grains  of  organic  matter  per  gallon  altering  the  tank, 
only  3  grains  of  mineral  and  1.5  grains  of  organic  matter 
per  gallon  remained  in  the  sludge,  the  effluent  being 
quite  clear.  In  other  words,  after  13  or  14  months, 
the  tot4il  solid  n\sidue  exclusive  of  moisture  from  over 
20,000,000  gallons  of  sewage  was  only  6^  tons,  although 
appn)ximately  31^  tons  had  entered  the  tank  in  that  time. 
This  represents  a  reduction  of  more  than  80  per  cent,  of 
the  total  solid  matter.  Moreover,  if  this  amount  of 
sewage  had  Ikhjii  treated  with  chemicals,  the  sludge  or 
residue  would  have  l)een  about  45  tons. 

The  outlet  from  the  tank  is  hy  a  perforated  or  slotted 
pipe,  located  alx>ut  2  feet  below  the  sewage  surface  to 
exclude  light  and  air,  which  carries  the  effluent  into  a 
shallow  aerating  tn)ngh  over  the  sides  of  which  the  fluid 
flows  in  thin  sheets  and  is  then  knl  to  the  aerobic  or  fil- 
tering IkhIs,  every  opportunity  l)eing  given  for  it  to  take 
np  plenty  of  air.  These  beds  are  filled  with  porous 
materials,  sneh  as  cinders  or  coke,  etc.,  from  -^  to  J  inch 
in  size,  the  idea  being  that  there  should  be  as  much 
capacity  for  the  sewage  as  possible,  and  at  the  same  time 
a  ready  aeration  of  the  mass  when  the  bed  is  drained,  the 
beds  becoming  more  efficient  after  being  used  some  time, 
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as  they  have  tliiia  bcxMime  impregnated  with  the  right  kiuiU 
of  Itaelcria.  Al\or  filling,  the  beds  are  left  undisturhed  for 
a  couple  of  hours,  and  are  then  drained,  afU'r  which  they 
remain  empty  for  another  two  hours,  it  having  been  found 
pusi^ble  by  using  automatic  fillhig  and  emptying  valves 
to  rept^t  the  process  four  timea  daily.  It  will  usually  be 
wise  to  carry  the  effluent  from  the  septic  tank  through  at 
least  two  of  these  beds,  but  if  the  process  is  projK-rly  ac- 
cumplishcd,  "  by  this  purification  an  effluent  is  obtained 
which  is  saturated  with  dissolved  oxygen,  which  r 
entirely  inoffensive  in  smell  for  an  indefinite  period  in  an 
incubator  at  summer  heat,  and  which  therefore  when  dis- 
charged into  a  water-course  would  maintain  the  respira- 
tion of  fish,  and  would  never  render  the  water  offensive," ' 

Quoting  also  from  Fmukland,  "  The  recent  exjierl- 
mentnl  work  on  the  bacterial  treatment  of  sewage  .... 
shows  most  conclusively  that  llie  beat  results  are  achieved 
by  separating  the  phases  in  which  the  bacterial  purifica- 
tion lakes  place,  allotting  distinct  places  to  the  anaerobic 
and  the  aerobic  oi^nlsms  respectively  engaged  on  the  work. 

"  The  anaerobic  bacteria  are  supplied  along  with  the 
sewage,  and  practicnlly  no  difficulty  arises  in  retaining 
thoir  per\'ices  on  the  works  beyond  that  of  provi<ling  them 
with  space  and  time  in  which  to  carry  on  their  hilxirs. 
The  aerobic  bacteria,  however,  demand  air  iu  addition  to 
space  and  time,  and  if  this  air  be  not  provided  in  sufficient 
quanties  they  go  on  strike,  and  leave  the  works,  their 
place  being  taken  by  their  less  exacting  anaerobic 
brothers,  who  are,  however,  unable  to  finish  the  work  of 
purification. 

"  There  is,  then,  the  constant  tendency  for  the  overflow 
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f  tliu  aiiaerohic  bacteria  into  the  aerubic  departmeat  tif 
;  works,  if  there  he  auy  stinliug  of  air  in  the  latter, 
order  tlierefiin;  to  insure  the  services  of  the  aercihio 

icteria  Iwiiig  retjiined  on  the  premises,  it  ia  dci^irable  to 
"ruvide  for  the  aerobic  bacteria  at  least  two  work-slin]>s 

iroiigh  wtiieh  the  sewage,  on  coming  from  the  anaerobic 
department,  is  made  to  [tass. 

"  The  first  of  these  aerobic  work-shops  it  may  be  dilTi- 
cult  t4)  provide  with  adt-qiiate  ventilation,  the  result  Ix-ing 
that  both  anaerobie  and  aerobic  Iwcteria  will  here  be  found 
competing  with  each  other,  and  that  tiie  aerobic  orguuihois 
will  be  unable  to  complete  the  work  of  purification. 
The  sewagCj  however,  on  i)as,sing  info  the  second  and 
better  ventilated  work-shop  will  there  fell  almost  ex- 
clusively into  the  hands  of  aerobic  bacteria,  whicli  it  will 
under  pn)per  management  leave  as  an  inodorous,  almost 
pellucid  liquid  incapable  of  putrefaction." ' 

Another  writer  summarizes  as  follows:  "As  compared 
with  the  process  of  chemic  precipitation  and  sedimen- 
tation, the  bacterial  process  presents  the  following  advan- 
tages :  («)  It  requires  no  chemicals.  (6)  It  produces 
no  offensive  sludge,  but  only  a  deposit  of  sand  or  vege- 
table tissue  which  is  free  from  odor,  (c)  It  removes  the 
whole  of  the  suspended  matter,  instead  of  only  about 
80  per  cent,  thereof,  (rf)  It  effects  the  removal  of  61.3 
per  cent,  of  the  dissolved  oxidizable  and  putrescible  mat- 
ter, as  compared  with  the  removal  of  only  17  per  cent, 
effected  by  the  present  chemical  treatment  (e)  The  re- 
sultant liquid  is  entirely  free  from  objectionable  smell,  and 
does  not  become  foul  when  it  is  kept ;  it  further  maintains 
the  life  of  fish." ' 
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Electricity  has  ulsu  boen  suggi'stcd  us  an  agency  fi>r  the 
purification  of  sewagf,  but  in  most  localities  is  still  too 
expensive  for  the  purpose.  In  the  Webster  process  irou 
electrodes  are  used,  and  the  favorable  results  are  supposed 
to  be  due  partly  to  the  hypochlorites  which  are  formed 
from  the  chlorides  always  present  in  the  sewage,  and  partly 
to  the  carbonates  and  oxides  of  iron,  which  not  only  de- 
odorize but  also  help  to  oxidize  rapidly  the  oi^nic  matters. 
By  this  method  about  70  per  cent,  of  the  putrescible  mat- 
ters and  almost  all  the  bacttria  are  remitved  from  the 
sewage,  but  it  is  still  mther  costly  on  account  of  the  lai^ 
amount  of  iron  consumed. 
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This  tmbject  is  oue  whiuli  lias  to  do  with  active  and 
preflumably  healtliy  men  uuder  conditions  more  or  less 
abnormal  and  eometimes  of  a  peciiliar  and  unusmil  stress. 
Moreover,  tlif  n<;lu;il  liiianciiil  value  (.!'  ilie  lifi.-  and  lu-iiltb 
of  the  individual  to  the  State  ia  more  directly  manifest 
than  under  ordinary  circumstances,  and,  though  at  times 
the  interests  of  the  former  must  be  sacrificed  to  those  of 
the  latter,  it  is  of  the  highest  economic  and  practical  im- 
portance that  a  government  should  conserve  as  fiir  as 
possible  the  health  and  welfare  of  each  member  of  its 
army  and  navy.  Consequently,  much  thought  should  be 
and  is  given  to  all  those  questions  which  rightly  come 
under  this  head,  and  the  eSect  of  the  efforts  made  in  this 
direction  is  very  decide*!,  especially  with  reference  to  the 
regular  or  standing  armed  force  of  the  country. 

Men  who  have  become  accustomed  to  military  service, 
and  to  whom  it  Is  a  real  and  permanent  business,  have 
probably  a  better  health  status  than  the  average  citizen, 
owing  to  the  regularity  of  their  habits  and  work  and  to 
the  oversight  and  care  which  are  given  to  the  details  of 
their  life.  Conditions  are  much  different,  however,  when 
men  are  suddenly  called  from  many  occupations  and  ways 
of  living  to  volunteer  or  militia  service.  They  do  not 
accommodate  themselves  readily  to  the  change,  nor  do 
they  appreciate  the  importance  of  details  that  may  seem 
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triviul  to  them  but  that  liave  great  ttearing  on  their  future 
health.  Often  tlie  utmost  clforts  oa  the  jmrt  of  those  in 
authority  and  who  arc  skilled  in  these  matters  are  np]iar- 
eutly  of  no  avail  and  lead  to  undeserved  censure.  How 
much  more  serious  actual  neglect  of  hygienic  measures 
may  be  has  been  proved  more  than  once  in  the  past. 

The  fullow-ing  quotation  from  the  Report  of  the  Sur- 
geon-General of  the  Army  for  1899  is  pertinent : 

"  Hygiene  is  one  of  the  principal  subjects  of  examina- 
tion for  cimdidates  desiring  appointment  in  the  medical 
coqki  of  the  army,  and  at  the  subsequent  examinations  for 
pn*niotiona  to  the  grades  of  captain  and  major  it  is  given 
a  must  pnirainent  place.  It  is  also  the  most  prominent 
subject  in  the  course  of  instniction  at  the  Army  Medical 
School,  where  the  student  officers  s]M?nd  five  hours  daily 
for  a  [jeriod  of  five  months  in  practical  laboratory  work 
relating  for  the  most  part  to  the  cause  and  prevention  of 
infectious  diseases;  but  the  comparatively  small  number 
of  meilieal  officers  of  the  regular  army  available  for  duty 
in  the  lai^  camps  occupied  by  our  volunteer  tnmps  at 
the  outset  of  the  war  (Spanish-American)  provetl  to  be 
entirely  inailequate  to  control  the  sanitary  situation  in 
these  camps." 

In  a  study  of  military  hygiene,  all  phases  of  the  nmtine 
life  of  the  soldier  should  be  discus.scd,  for  it  is  the  combin- 
ation of  these  that  make  for  good  or  evil. 

Unless  the  cmei^ncy  is  grave  and  large  numlters  of 
men  are  needed  quickly,  much  attention  should  Ix'  paid 
to  the  selection  of  the  men,  and  only  those  enlisted  who 
satisfy  certain  physical  requirements.  They  should  I<6 
neither  abnormally  short  nor  tall ;  the  weight  should  be. 
in  proper  ratio  to  the  height ;  the  vision  and  general  health- 
good,  and  especially  should   the  chest   measurement  aaw\ 
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oxpuiision  or  "vital  cajtacity"  Im;  considere*!  as  of  great 
imiwrtaiice. 

"  It  lias  also  been  observed  that  a  tlose  correlation 
exists  Itt'tweeii  the  [ihysical  and  moral  development  of 
men;  in  faet,  lowering  the  piiysiuil  means  lowering  tht- 
mnral  standard  of  recruits.'" 

Age  is  also  a  factor  that  eliould  be  considered.  If 
recruits  are  too  young,  they  are  not  able  to  withstand 
long-continued  work  or  strain,  nor  will  they  be  so  likuly 
to  resist  the  incurrence  of  disease.  On  the  other  hand, 
men  who  are  too  old  will  Im?  more  liable  to  liave  habit*  iif 
lifi^  or  taints  of  ehnmic  disca.se  thai  will  interfere  with 
their  military  duty,  and  they  will  also  not  serve  the 
maximum  length  of  time  that  makes  their  work  most 
economical  to  the  government, 

"  The  medical  officer's  first  duty  is  rigorously  to  examine 
his  command,  if  it  has  been  newly  raised,  and  inexorably 
to  eliminate  all  men  unfit  for  full  military  duty.  Upon 
the  medical  officer  who  examines  recruits  for  enlistment 
lies  a  heavy  resjionsihility,  for  it  practically  rests  with 
him  to  determine  the  physical  efficiency  of  the  command. 
Unfortunately  in  time  of  war,  when  the  necessity  for 
effective  men  is  the  greatest,  this  selection  is  apt  to  be 
devolve*!  upon  untrained  civilians  who  have  neither  the 
special  knowledge  that  fits  them  as  judges  nor  the  position 
thut  enables  them  in  doubtful  cases  to  withstand  the  con- 
stant importunities  of  still  less  informed  recruiting  officers. 
The  careful  examination  of  recruits  is  not  practical  hygiene, 
but  the  successful  application  of  hygiene  requires  carefiilly 
selected  men  to  secure  the  best  results."  * 

'  Nott«r  and  Firth,  p.  917. 

•  Colonel  A.  A.  Woodhull,  firtlclo  on  "Military  HygleDe"  in  EQf«i> 
ence  Handbook  of  the  Medical  Sciences. 
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In  selecting  the  sites  for  camps  or  homos  of  soldiers, 
consideratiou  must  be  had  as  to  whether  ttiese  are  to  be 
temporary  or  permanent,  and  as  to  whether  the  men  are 
to  live  in  tents  or  Ijarracks,  In  txny  case,  there  sliould  be 
sufficient  space  allotted  to  each  command;  there  sliould  be 
no  interference  with  the  free  circulnlion  of  air,  and  the 
soil  ehould  be  dry,  {)orous,  and  readily  drained.  The 
grouud-wat^r  especially  should  not  be  too  near  the  eur- 
tuce.  Camps  should  not  be  locut«d,  except  in  event  of 
grave  military  necessity,  on  ground  that  has  been  recently 
otxiupied  by  other  troops;  nor  should  they  be  on  clay 
soils,  in  ravines  or  valleys  where  they  will  receive  the 
drainage  from  higher  ground  or  other  camps,  nor  near 
marshes  or  the  marshy  banks  of  rivers,  nor  where  they 
will  receive  the  winds  from  malarial  districts.  Thought 
should  also  be  given  to  the  source  and  abundance  of  the 
water-supply  and  its  relation  to  the  natural  coutsc  of 
drainage  from  the  camp. 

If  tents  are  to  he  used,  tliese  must  be  such  as  to  afford 
both  thorough  protection  and  good  ventilation.  They 
shonid  not  be  too  crowded,  either  as  regards  the  number 
of  occupants  in  each  or  tlie  location  of  the  tents  one  to 
another.  If  the  camp  is  of  extended  duration,  the  tents 
should  be  floored,  or  at  least  the  men  should  not  sleep  on 
the  ground. 

A  trench  should  also  be  dug  about  each  tent  to  prevent 
flooding  by  rains,  and  from  time  to  time  the  tents  should 
be  moved  about,  aa  "  it  is  well  known  that  tonts  occupy- 
ing the  same  ground  for  a  length  of  time  become  un- 
healthy." Camp  kitchens,  stables,  sinks,  latrines,  etc, 
should  be  as  far  ^m  the  sleeping  tents  as  reasonable 
convenience  permits,  and  to  the  leeward  of  prevail 
winds.      All   camps   should  be   regularly   and   carefi 
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policed,  and  '^  the  &ct  that  a  camp  expects  to  change  its 
position  does  not  justify  n^lect  of  proper  policing  of  the 
ground  occupied/' 

In  the  r^ulations  and  instructions  issued  in  1896  by 
the  British  Quartcmiaster-Greneral's  Department  the  fol- 
lowing points  are  laid  down  as  of  importance : 

^^  1.  The  length  of  time  troops  are  to  occupy  the  camp- 
ing-ground. 2.  That  order,  cleanliness,  ventilation,  and 
salubrity  are  to  be  insured.  3.  That  means  of  passing 
freely  through  the  camp  are  essential.  4.  That  a  strag- 
gling camp  increases  labor  of  fatigue  duties,  and  imi>edcs 
delivery  of  supplies  and  circulation  of  orders.  5.  That 
the  more  compact  the  camp,  the  easier  it  Ls  to  defend.'*' 

If  the  soldiers  are  assigned  to  forts  or  other  permanent 
encampments,  they  will  probably  be  quartered  in  barracks, 
and  these  will  have  bci^n  constructed  according  to  »|>ecifi- 
cations.  However,  it  should  be  remembered  that  in  these 
attention  must  be  given  not  only  to  the  comfort  of  the 
men,  but  to  their  sanitary  needs  as  well,  and  that  the 
chief  faults  in  such  structures  in  the  past  have  been  insuffi- 
cient ventilation  and  impn^per  location  and  arrangement 
of  toilet-rooms,  etc, 

Barrack  buildings  should  not  be  more  than  two  stories 
in  lici^j^lit,  should  be  comparatively  narrow,  should  have 
freci  ventilation  and  access  of  sunlight  about  them,  and 
should  be  so  placc^l  that  they  do  not  interfere  with  one  an- 
other in  these*  respects.  It  will  be  well  if  each  sleeping- 
n)oni  is  planned  to  contain  not  more  than  twenty-five  men 
or  a  (juarter  company.  Each  man  should  have  at  least 
()00  cubic  feet  of  air-space  in  his  dormitory  ;  with  ceilings 
twelve  feet  hi^h,  this  will  give  him  fifty  square  feet  of 
fl(X)r-space.     Tcnlet-rooms   should  be  separated  from  the 

1  Nottor  and  Firth,  p.  936. 
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dormitories  by  s.  continually  ventilated  passage-way,  at 
least ;  it  would  be  better  to  have  the  tbrmer  entirely  apart 
from  tlie  latter. 

Kitchens,  ilining-  or  mess-rooms,  guard-rooms,  anil 
quarters  for  married  men  should  be  in  sejianitc  biiilil- 
ings  and  apart  from  the  barracks,  and  these  should  lau-h 
be  jtroperlv  arranged  for  its  purpose.  The  same  remarits 
apply  to  the  post-hospital,  which  should  have  as  complete 
an  equipment  as  possible  in  accordance  with  the  demands 
of  modern  medical  and  siu^eul  science ;  and  conse- 
quently, in  addition  to  the  general  wards,  there  should  be 
others  for  the  isolation  of  contagious  or  infections  cases 
and  for  the  insane.  It  goes  without  saying  that  the 
officers'  quarters  should  have  every  hygienic  and  sanitary 
advantage  and  convenience,  both  as  to  construction  and 
location,  tiiat  the  rircnmstances  of  the  jMist  will  [wrmit. 

In  such  permanent  encampments,  where  the  accommo- 
dations and  conveniences  more  nearly  resemble  those  in 
the  home  of  the  average  private  citizen,  and  where  proper 
food,  an  ample  supply  of  unpolluted  water,  and  suitable 
arrangements  for  the  removal  of  wastes  and  sewage  can 
all  be  provided  for,  it  will  ordinarily  not  be  difficult  for 
tile  well-informed  medical  offi(«r  to  maintain  a  satisfactory 
sanitary  condition,  and,  owing  to  the  discipline  and  super- 
vision of  their  habits  to  which  Ihe  men  are  subjected,  as 
well  as  to  the  fact  that  tliey  arc  adults  anil  males,  the 
general  health  status  of  the  post  should  usually  be  better 
than  the  average  of  the  neighboring  communities. 

But  conditions  and  circumstances  are  much  diffi^rent  on 
the  "  tented  field,"  and  especially  so  if  the  command 
belong  to  the  militia  or  volunteer  service,  in  which  the 
men  have  been  called  from  many  and  various  occupations, 
are  unaccustomed  to  the  hardships  of  military  life  and 
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the  viciMitudes  of  out-tliwr  living,  and  are  unDiitidfnl — 
as  they  will  be  at  first — of  the  restraiuts  and  value  of  di«- 
cipliue.  Even  tliougli  the  medical  oiBcera  be  well  versied 
in  hygieuic  knowledge  and  thoroughly  aware  of  the  ini- 
jiortance  of  the  strict  observance  of  sanitary  preeaiitions, 
and  tlviugh  they  have  the  hearty  a&^istance  of  the  etini- 
manding  officers,  it  will  take  much  time  ho  to  instruct  the 
men  tlmt  they  will  not  endanger  the  health  of  tlicmselves 
and  others,  and  eternal  vigilance  and  much  efilbrt  will  be 
the  price  of  a  continuously  satisfaetory  state  oi'  al^irs. 

"In  time  of  war  there  is  addnl  a  new  anny  of  volun- 
teers, whose  men  are  often  accepted  without  proper  scru- 
tiny. The  preservation  of  these  men  from  disease  is  the 
chief  concern  of  the  medical  officer,  miscalled  the  sur^ 
geon."' 

The  recent  experience  of  this  country  in  the  Spanish- 
American  War  is  vivid  in  the  minds  of  every  one,  espe- 
cially as  regards  the  sanitary  conditions  and  the  epidemic 
sickness  in  practically  all  the  camps  throughout  the  coun- 
try. And  while  there  was  much  tliat  was  censurable, 
there  was  still  much  unjust  censure  given  by  those  who 
did  not  understand  to  those  who  did  and  who  strove  to 
the  utmost  to  overcome  the  untoward  and  unfortunate 
conditions. 

In  August,  1898,  a  board  of  medical  officers  was  ap- 
{Glinted  by  the  Surgeon-General  of  the  United  Stalee 
Army  to  "  ascertain  the  causes  of  the  existence  and  spread 
of  typhoid  fever  in  the  national  encampments,  and  to 
surest  means  of  its  abatement."  The  results  of  their 
work,  as  epitomized  by  one  of  them,  Prof.  Victor 
C.  Vaughan,  in  his  "Oration  on  State  Medicine"  be- 
fore the  annual  meeting  (1900)  of  the  American  Medical 
'  Colonel  Woodbull,  lac.  cit. 
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Association,'  are  very  instructive  ami  are  worth  quoting 
almost  entire : 

"Every  regiment  in  the  United  States  service  in  1 
developed  typhoid  fever.  Typhoid  fever  not  only  ap- 
peared in  every  raiment  in  the  service,  but  it  became 
epidemic,  both  in  the  small  cneampments  of  not  more  tlian 
one  regiment,  and  in  the  larger  onea  consisting  of  one  or 
more  corps.  Typhoid  fever  became  epidemic  in  camps 
located  in  the  Northern  as  well  as  those  in  the  Soutliern 
States ;  and  it  is  so  widely  distributed  in  this  country  that 
one  or  mure  cases  ore  likely  t<i  appear  in  any  regiment 
within  eight  weeks  after  assembly.  Tj-phoid  fever  usually 
appears  in  military  ex])editIoiis  within  eight  weeks  after 
assembly. 

"  With  typhoid  fever  as  widely  dis.<wminated  as  it  is  in 
this  conntr^',  the  chances  are  that  if  a  regiment  of  1300 
men  should  be  assembled  in  any  section  and  kept  in  a 
cunip  the  sanitary  conditions  of  which  were  perfect) 
or  more  cases  of  typhoid  fever  would  develop. 

"  Neither  the  miasmatic  theorj'  nor  the  pj-thogenic 
theory  of  the  origin  of  typhoid  fever  is  supported  by  the 
investigations,  but  they  confirm  the  doctrine  of  the  specific 
origin  of  typhoid  fever.  It  is  disseminated  by  the  trans- 
ference of  the  excretions  of  an  infected  individual  to  the 
alimentarj-  canals  of  others,  and  It  is  more  likely  to  lie- 
come  epidemic  in  cnmps  than  in  civil  life,  because  of  the 
greater  difRculty  of  disposing  of  the  excretions  from  the 
human  body.  A  man  Infecteil  with  typhoid  fever  may 
scatter  the  infection  in  every  latrine  of  a  regiment  before 
the  disease  is  recognized  in  himself. 

"  Camp   pollution  was  the  greatest  sanitary  sin  com- 
mitted by  the  troops  in   1898.  and  it  may  be  stated  in  a 
'  Sec  Jouruftl  of  American  Mediuil  AsBoci&tlan,  Jnno 
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cRil  way  thiit  the  iiumlwr  of  cases  of  tj-phoid  fever  in 
iiic  JilftTciit  Ciiinins  varif<i  with  the  nietliixl  of  disjKisiiig 
of  excretions.  The  Hib  systttm  of  disfiosal  of  fecal  nialtiT 
as  practised  in  certain  diviaions  is  to  be  eoiidcmii<?d,  and 
the  regiilalion  pit  system  ia  not  a  satisfactory  system  of 
dis])ositig  of  fecal  matter  in  permanent  camps.  Tlie 
Board  lias  recommended  that  in  permanent  camjis  where 
water-carriage  cannot  be  secured,  all  fecal  matter  slionid 
be  disinfected  and  then  carteil  away  from  camp. 

"Si>me  commands  were  unwisely  located,  and  in  some 
instanri-s  the  .sjiarc  all'ittotl  the  n'ginu-nls  was  inadii]niilc. 
Many  commanda  were  allowed  to  remain  on  one  site  too 
long,  and  requests  for  change  in  location  made  by  medical 
officers  were  not  always  granted.  Greater  authority 
should  be  given  modieal  officers  in  matters  relating  to  the 
hygiene  of  camps.  Superior  line  officere  cannot  be  held 
altogether  blameless  for  the  insanitary  condition  of  the 

"  Infected  water  was  not  an  important  factor  in  the 
spread  of  typhoid  fever  in  the  national  encampments  in 
1898.  Flies  undoubtedly  served  as  carriers  of  the  infec- 
tion ;  it  is  pn»bable  that  the  infectit>n  was  disseminated  to 
some  extent  through  air  in  the  form  of  dust;  personal 
contact  was  undonbte<l]y  one  of  the  means  by  which  it  was 
spread,  and  it  is  more  than  likely  that  men  transported 
infeote<1  material  on  their  persons  and  clothing,  and  thus 
disseminated  the  disease. 

"A  command  badly  infected  with  typhoid  fever  does 
not  lose  the  infection  by  simply  changing  location,  but 
when  it  changes  its  location  it  carries  the  specific  agents 
of  the  disease  in  the  l>odies  of  the  men,  in  their  clothing, 
bedding,  and  tentage,  and  even  an  ocean  voyage  does  not 
relieve  an  infected  command  of  its  infection.     However, 
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after  a  commant]  becomes  badly  tpfected  with  typlioid, 
cliunge  of  location,  tjtgetlier  witli  tliontugb  disiDfection  of 
clothing,  beddiug,  and  tentsge,  is  Dw»s8iiry. 

"  Except  in  case  of  most  urgent  military  necessity,  one 
command  should  not  be  located  on  a  site  recently  vacated 
by  another,  but  the  fact  that  a  command  expects  to  change 
its  locution  docs  not  justify  neglect  of  proper  policing  of 
the  ground  occupied. 

"  It  is  desirable  that  soldiers'  beds  should  be  raised 
from  the  ground,  and  medical  officers  shouhl  insist  that 
soldiers  remove  their  outer  clothing  at  night  when  the 
exigencies  of  the  situation  permit.  In  some  of  the 
encampments  the  tents  were  too  much  crowded. 

"  Malaria  was  not  a  prevalent  disease  among  the  troops 
that  remained  in  the  United  States,  and  wliile  tlie  inves- 
tigations show  that  coincident  infection  with  malaria  and 
typhoid  fever  may  occur,  the  resulling  complex  of  symp- 
toms does  not  seem  to  be  sufficiently  well  defined  and 
uniform  to  be  rety>gnized  as  a  seirarale  disease.  The 
continued  fever  that  prevailed  among  the  soldiers  in  this 
country  in  1898  was  typhoid  fever,  but  in  militart-  pmc- 
tice  typhoid  is  often  apparenlly  an  intermittent  disease. 

"  About  one-fifth  of  the  soldiers  in  the  national  encamp- 
ments in  the  United  States  in  1898  developed  typhoid 
fever ;  army  sni^eons  correctly  diagnoHed  a  little  less  than 
onc-lmlf  the  cases  of  typhoid  fever,  and  while  the  deaths 
from  typhoid  fever  were  more  than  80  per  cent,  of  the 
total  deaths,  the  percentage  of  deaths  among  easefi  of 
typhoid  fever  was  about  7.5.  When  a  command  is  thor- 
oughly saturated  with  typhoid  it  is  probable  that  from 
one-third  to  one-quarter  of  the  men  will  be  found  suscep- 
tible to  the  disease. 

"  The  belief  that  errors  in  diet,  with  consequent  gastric 
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in<3  intestinal  catarrh,  induced  typhoid  fever,  or  tbat 
jimple  gastro-intoi^tinal  dlHtiirbunces  predispose  to  it,  is 
not  siipixmed  by  the  investigations.  More  than  80  per 
cent,  of  the  men  who  developed  typhoid  fever  had  no 
preceding  intestinal  disorder, 

■'  The  shortest  period  of  incubation  in  typhoid  fever  is 
pnilmbiy  something  under  eight  days,  and  one  who  has 
lived  in  u  oimp  iu  which  typhoid  fever  is  prevaleiil  \a 
liable  to  develop  this  disease  any  time  within  eight  weeks 
after  leaving  such  a  ramp." 

So  much  has  been  included  in  the  above  quotations, 
lookuig  in  so  many  different  direetlons,  that  it  would 
seem  that  there  were  little  more  to  say  on  the  subject. 
However,  a  few  words  must  be  added. 

Despite  the  fact  that  malaria  was  apparently  not  very 
prevalent  among  the  troops  in  this  country  in  the  late 
war,  it  is  a  disease  that  is  ofkin  very  harmful  and  disas- 
tnius  to  armies.  So  is  dysentery  and,  in  other  climates 
or  countries,  yellow  fever  and  cholera.  On  account  of 
tlie  recent  discoveries  regarding  the  influence  of  the  mos- 
quito in  transporting  the  germs  of  malaria,  yellow  fever, 
and  other  diseases,  a  simple  mosquito  bar  or  net  should 
be  included  in  the  kit  of  every  soldier,  and  the  Sur- 
geon-General's report  of  1899  seems  to  give  evidence 
of  its  efficacy  in  preventing  such  diseases  among  our 
soldiers  in  Cuba.  As  dysentery  and  cholera  are  well 
known  to  be  transmitte<1  by  drinking-water,  sanitary 
precautions  as  to  the  care  of  the  water  must  be  ob- 
served. Though  the  quotation  above  states  that  "in- 
fected water  was  not  an  important  factor  in  the  spread 
of  typhoid  fever,  etc.,"  it  must  not  be  inferred  that 
no  cases  were  found  to  be  due  to  such  water.  In  fact, 
many  cases  were  undoubtedly  thus  caused  as  Vangfaan 
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clearly  states;  but  the  authorities,  early  realizing  the 
daugors  that  might  be  due  to  a  bud  water,  made  such 
efforts  to  obtain  pure  supplies  that  other  means  of  iu- 
fection  became  relatively  more  imjwrtaiit.  Every  effort 
should  therefore  lie  made  to  secure  the  purest  water-9iipi»ly 
possible  in  every  military  camp,  and  to  have  it  thoroughly 
sterilized  before  nse  if  there  la  any  eiiepicion  of  its  pollu- 
tion. A  full  desiiriptiua  of  filtration  methods  and  of  the 
sterilizer  that  haa  been  adopted  by  the  army  lias  Ijeen 
given  in  the  chapter  on  Water. 

As  the  efficiency  of  the  soldier  depends  wo  much  iijioa 
his  food,  and  as  it  is  of  importance  for  so  many  diflcrcnt 
reasons,  it  is  not  strange  that  it  has  been  the  subject  of 
the  most  careful  investigation.  In  fact,  much  of  the 
scientific  knowledge  now  pertaining  to  dietetics  is  the 
result  of  the  work  of  the  various  governments  in  their 
efforts  to  determine  the  most  satisfactory  and  efficient 
military  rations.  Considering  the  men  simply  as  ma- 
chines, true  economy  requires  that  their  f(R>d  shall  be 
ample  in  quantity  and  good  in  quality.  Attention  must 
also  be  given  to  its  transportation  and  preparation,  and  to 
its  character  as  a  source  of  heat  and  energy. 

A  study  of  the  standard  daily  rations  of  the  \'arion3 
armie-s  of  the  world  at  once  shows  a  noticeable  uniformity 
among  them  in  the  amonuLs  and  relative  pn)|)iirlion  of 
the  food-principles  and  in  the  ratio  of  nitrr^n  and  carlHin. 
And  as  these  have  all  had  the  test  of  long  time  and  exten- 
sive experience,  they  serve  to  eptablish  their  own  scientific 
accuracy,  as  well  as  that  of  the  dietetic  ratios  which 
have  been  determined  in  other  ways  and  to  which  thej 
BO  closely  correspond. 

No  part  of  a  military  administration  is  of  more 
portancc  than  the  commissary  department,  for  an  armj 
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without  food  is  soon  worse  than  useless.  But  it  is  not  easy 
to  feed  properly  large  numbers  of  men  in  an  active  cam- 
paign when  the  whole  body  is  moving  rapidly  from  place 
to  place  and  when  the  exigencies  of  the  day  may  seem  to 
require  all  available  means  of  transportation  for  other 
purposes.  Consequently,  much  effort  has  been  made  to 
supply  rations  that  are  condensed  in  bulk  and  that  require 
as  little  immediate  preparation  as  possible. 

Considerable  advance  in  this  line  has  been  made  in 
recent  years,  and  various  soups,  meats,  and  vegetables, 
condensed  and  ready-cooked,  are  now  often  supplied  when 
the  same  cannot  be  hud  in  a  fresh  state.     That  such  may 
be  entirely  satisfactory  cannot  be  denied,  but  those  in 
authority  must  be  esixxjially  careful  as  to  certain  points, 
viz.,  that  the  food  is  not  lacking  in  quality  and  that  the 
processes  employed  liave  not  impaired  its  dietetic  vahie  or 
(lig(»stibility  nor  pormittcd  harmful  changes  to  take  place 
in  it.     The  temptations  of  the  army  contractor  are  often 
hard  to  withstand ;  moreover,  tests  have  shown  that  if 
concentration  l)e  carried  too  far,  not  only  the  digestibility, 
but  the  nutritive  value  as  well  of  the  food  may  be  seriously 
impaired.     Thus  the  valuable  salts  may  be  lost  with  the 
water  in  the  compression  of  vegetables.     Again,  the  proc- 
(»ssos  may  make  the  foods  tcK)  uniform  in  taste,  or  there 
may  be  the  omission  of  such  accessories  as  vinegar,  spices, 
ct(\,  or  there  may  be  ignorance  as  to  how  to  cook  them 
properly ;  and  it  must  always  be  remembered  that  pala- 
tability  has  much   to  do  with  digestibility.      For  these 
reasons  it  will  Ix^  wise  to  have  at  least  part  of  the  food 
issued  in  as  nearly  the  fresh  or  onlinary  state  as  possible. 

Space  does  not  permit  consideration  of  the  various 
articl(*s  of  food  comjX)sing  the  prescrilxHl  ration,  but  it  is 
evident  that  the  laws  of  dietetics  goveni  here  as  elsewhere. 
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It  may  be  well  to  say,  buwuver,  tliat  esperience  seems  to 
sLow  that  alixiliol  sbould  not  be  iuchideil  in  tlie  ri-gular 
ration,  but  stioukl  only  \>e  issued,  if  at  all,  iu  uertain 
exigencies  and  in  small  quantities. 

The  same  principles  bold  good  in  regard  to  soldiers' 
clothing  as  tor  tliat  of  other  peoplt;,  but  "  in  selecting  the 
Qiateriul  the  chief  jxiints  to  be  cousidered  are  its  penuea- 
bility,  durability,  and  the  property  it  has  of  conducting 
and  absorbing  beat."  It  would  be  well  if  the  undergar- 
ments were  always  in  part,  at  least,  of  wool.  The  mate- 
rial of  the  uniforms  and  its  weight  should  depend  upon 
the  exigencies  of  the  service,  eoueidering  both  the  locality 
and  the  season  of  tlie  year.  In  eold  weather  wool  eliould, 
of  course,  have  first  place;  in  hot  climates  tbe  stont  cotton 
fabric  udled  kbaki  seems  to  meet  the  conditions  m<»tt  satis- 
factorily. "  The  color  of  tbe  material  has  an  important 
bearing  on  tbe  bygieiiiu  value  of  the  clothing,  and  in 
regard  to  the  absorptiim  of  heat  exerts  more  influence 
than  the  material  Itself.  .  .  .  White  possesses  very  slight 
absoqitive  power  «>m[iared  to  other  colors,  and,  next  to 
this  in  the  scjile,  gray  or  pale  yellow  gives  tbe  best  results. 
Gray  is  tbe  best  color  for  soldiers'  dress  on  service,  for 
white  is  least  suittil  to  the  field,  as  it  soils  so  quickly. 
The  kliaki  drill  corres|ionds  very  closely  with  gray  as 
r^rds  absorption  power." ' 

The  clothing  should  nowhere  be  so  tight  as  to  interfere 
with  respiration  or  circulation  or  with  free  movement  of 
the  bo<Iy.  There  sbouhl  be  a  sufficiency  of  socks  in  each 
man's  kit,  for  "a  good  soi-k  kept  clean,  is  a  protective 
against  sore  feet."  Boots  or  shoes  should  be  comfortable 
as  well  as  durable  and  waterproof.  Leggings  may  ol 
be  usi-d  to  advantage ;  they  may  be  of  slout  canvas,  khaki, 
<  Hotter  and  Firth,  p.  95B. 
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or  leather.  Helmets  or  other  head-dress  should  be  light 
and  well  ventilated,  and  of  a  non-absorbent  color.  Ab- 
dominal bands  of  flannel  are  excellent  protectives  against 
digestive  disturbances,  if  the  men  can  be  induced  to  wear 
them.  Each  kit  should  contain  a  rubber  or  waterproof 
blanket  to  protect  the  soldier  from  the  dampness  of  the 
ground  at  night ;  it  can  also  be  used  as  a  cape  in  rainy 
weather.  The  weight  of  the  kit,  arms,  accoutrement,  etc, 
is  often  excessive,  and  should  be  kept  as  light  as  possible. 
In  some  armies  as  much  as  seventy  pounds  is  to  be  car- 
ried by  each  soldier.  It  should  be  so  divided  that,  when 
on  the  march,  as  much  of  this  as  possible  can  and  should 
be  carried  in  wagons  for  the  men,  they  retaining  only 
their  arms  and  water  bottles.  "  Weights  are  most  easily 
borne  when  the  following  points  are  attended  to :  1.  They 
must  be  as  near  the  centre  of  gravity  as  possible.  2.  The 
weights  must  in  no  case  compress  the  lungs,  or  interfere 
with  the  respiratory  movements  or  the  elimination  of  car- 
l)on  dioxide,  or  hinder  the  transmiasiou  of  blo<Kl  through 
the  lungs,  or  render  difficult  the  action  of  the  heart. 
3.  No  important  muscles,  vessels,  or  nerves  should  be 
pressed  upon.  4.  The  weights  should  be  distributed  as 
much  as  j>ossible  over  several  parts  of  the  Ixnly.''  ^ 

The  last  statement  means  that  the  pressure  will  be  most 
advantageously  put  \i^n  the  tops  of  the  shoulder-blades 
and  upon  the  hii>-bones  and  sacrum. 

The  disi)osal  of  the  wastes  of  a  camp  constitutes  one  of 
its  gravest  problems.  If  it  is  a  permanent  post  and  the 
men  arc  quartered  in  barracks  with  a  sufficient  water- 
supply,  it  may  be  best  to  construct  a  complete  sewerage 
system ;  but  where  the  encampment  is  temporary  the  dif- 
ficuhics  are  greatly  increased.     Even  though  the  camp  is 

»  Notter  and  Firth,  pp.  961,  962. 
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strictly  policed,  us  it  alwnya  should  be,  and  the  garbage 
and  aimilar  wastes  destroyed  by  fire  or  burial,  tbere  re- 
mains the  disposal  of  the  excreta  of  large  numlters  of  men, 
which,  if  neglected,  is  almost  certain  to  become  a  source 
of  infection. 

The  customary  sinks  are  not  only  liable  to  pollute  the 
ground-water  and  ^lerhaps  the  water-supply  of  tlie  camp, 
but  they  arc  also  a  constant  oSence  to  the  senses,  imd  we 
iiiiw  know  that  infection  may  be  carried  by  flies  directly 
from  them  to  the  food  in  tlie  kitchens  and  mesii^tentH. 
\\'here  used,  tlieir  contents  should  be  covered  thrice  daily 
with  a  layer  of  fresh  earth  or  lime,  and  when  the  contents 
reach  within  two  feet  of  the  surface  they  should  l>e  filled 
with  earth  and  new  ones  opened,  A  medical  officer  has 
recently  suggested  that  instead  of  using  earth  or  lime  for 
a  covering,  dry  grass  or  straw  be  spread  over  the  con- 
tents and  bume<l  two  or  three  times  a  day.  This  would 
not  only  serve  to  dbinfect  the  surface  and  sides  of  the 
trench  by  fire,  but  the  ashes  of  the  straw  would  form 
a  loose  covering  of  several  inches'  thickness  which  would 
completely  conceal  the  subsequent  additions  and  at  the 
same  time  effectually  protect  all  the  contents  from  tlie 
access  of  flies.  Colonel  WoodhuU  suggests  the  burning 
twice  a  day  of  small  quantities  of  jtetroleum  [>oured  on  the 
surface  of  the  contents  of  the  sink. 

However,  it  will  be  wiser  to  do  away  with  sinks 
altogether  and  to  provide  measures  whereby  the  excreta 
can  be  at  once  chemically  disinfected  and  then  removed 
beyond  the  limiU  of  the  camp.  Theoretically,  the  tub  or 
pail  system  would  seem  to  be  available  if  proper  dis- 
cipline and  supervision  could  be  bad ;  but  the  recent 
experience  in  certain  camjts  rather  proves  it  to  be  imsatis- 
iactory.     Unless  the  contents  are  disinfected  immediatel^i 
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the  soil  about  the  camp  will  be  almost  oertainly  polluted 
aud  infected  when  the  receptacles  are  removed  for  empty- 
ing, and  the  flies  will  also  be  as  numerous  as  at  the 
sinks.  If  the  tubs  should  be  partially  filled  before  use 
with  a  disinfectant,  and  if  they  should  have  close-fitting 
covers  which  would  only  be  removed  at  the  time  of  use, 
the  objections  to  them  would  be  diminished,  but  would 
still  remain  in  part 

The  board  of  medical  officers  already  referred  to  have 
recommended,  and  the  Surgeon-Gleneral  and  Adjutant- 
General  have  adopted  the  recommendation,  that  the  ex- 
creta be  received  into  a  large  galvanized  iron  trough 
partially  filled  with  an  active  disinfectant  solution,  prefer- 
ably milk  of  lime  on  account  of  its  combined  efficiency 
and  cheapness.  The  trough  is  to  be  located  in  a  suitable 
building,  and  when  full  or  at  regular  intervals  is  to  be 
emptiwl  by  means  of  a  pumping  cylinder  into  a  large 
water-tight  tank  on  a  wagon,  similar  to  the  ordinary 
odorless  excavating  apparatus.  It  is  probable  that  such 
apparatus  under  proper  supervision  will  prove  as  efficient 
and  practicable  as  any  that  can  be  devised  short  of  a  well- 
constructed  system  of  sewers  involving  water-carriage,  the 
installation  of  which  is  obviously  not  feasible  in  a  tempo- 
rary camp  or  in  one  not  having  an  abundant  water- 
supply. 

Space  does  not  j>ermit  of  a  full  discussion  of  military 
hos])itals.  At  permanent  posts  they  may  have  almost  all 
the  equipment  and  conveniences  of  the  l)est  city  hospitals, 
but  in  the  field  in  actual  service  much  must  l)e  forc^wie. 
This  often  leads  to  censure  from  the  uninformecl  and 
where  censure  is  not  deserved.  But  commanding  officers, 
especially  of  the  medical  service,  should  foresee  every 
emergency  and  provide  for  it  as  far  as  jK)8sible,  overrating 
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rather  than  imJerratiiig  the  probiible  needs  ami  deinaiids 
upon  thi!  liiwpiuil  staff,  and  providing  fur  the  comfort  3^ 
well  as  the  necessitiea  of  the  aick  and  wounded.  The 
knowledge  that  typhoid  fever,  for  instance,  is  almost  cer- 
tain to  occur  and  become  epidemic  iii  any  camp  of  con- 
siderable extent  or  duration  should  com])el  preparation 
for  the  proper  treatment  of  thiu  disease  in  so  far  as  this  is 
possible  ill  n  field  h<»pital.  The  trained  nurse  has  proved 
her  value  in  army  hospital  work,  and  has  now  a  place  in 
the  regular  army  medical  service.  The  enlistment  and 
training  of  a  sufficient  nunilwr  of  hospital  stewards  is 
also  of  great  importance,  as  is  also  the  instruction  of  the 
soldiers  themselves  as  to  the  care  of  themselves  in  emer- 
gencies. Undoubtedly  this  latter  instruction,  meagre  as 
it  has  been,  and  the  "  first-aid  packets  "  with  which  each 
man  was  supplied,  greatly  contributed  to  the  excellence 
of  results  among  the  regular  troops  in  the  lat«  war. 

A  thorough  course  in  the  fundamental  principles  of 
hygiene  should  be  a  part  of  the  education  of  every  soldier 
in  the  regukr  army,  and  especially  should  this  subject  be 
established  as  one  of  the  most  important  in  the  curricu- 
lum at  ^Vest  Point.  If  the  graduates  and  future  officers 
from  this  great  military  school  were  so  instructed,  it  is 
more  than  probable  that  the  advice  and  su^estions  of 
the  me<lical  officers  of  the  service  would  l>e  more  often 
accepted  and  enforced  in  the  fiiture  than  they  have  been 
in  the  past. 

Hospital  tents  are  apt  to  be  poorly  ventilated  and 
oppressive  in  hot  weather  or  climates.  They  sliould  have 
every  advantage  of  location,  tliat  the  comfort  as  well  as 
the  health  of  the  patients  may  be  eouserved.  A  venti- 
lated hospital  tent,  devised  by  Captain  E.  L.  Mun^i>Ti, 
M.  D.,  U.  S.  A.,   has   been   adopted   by   the   Board   "1' 
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Equipment  on  aoooant  of  its  adruitages,  ohief  of  which 
are  a  better  ventihtion  and  a  lowering  of  the  tempentme 
within  to  the  extent  of  several  d^rees. 


Another  valuable  addition  to  the  hospital  service  of  the 
army  has  bt^n  the  purchase  and  thorough  eqiiiptoent  for 
the  purpose  of  sovornl  hospital  ships.  The  saving  of  life 
and  alleviation  of  distress  made  possible  by  these  vessels, 
when  compare*!  with  the  effects  of  conditions  obtaining  in 
the  ordinary  transport  ships,  are  incalculable. 

The  work  of  the  soldier,  while  excessive  at  time^,  ordi- 
narily permits  mnch  leisure  to  the  men,  which,  in  turn,  is 
condu<uve  not  only  to  attack.s  of  homesickness  and  ennni, 
but  to  the  development  of  injudicious  and  injiirionB 
habits.  Consequently,  anythinj;  that  will  profitably 
employ  the  attention  anil  activities  of  the  men  when  off 
duty   is    bcoefiml.     For    tliis    purpose    reading-rooms, 
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athletic  sporte  and  the  work  of  various  trades  may  be 
mentioned.  The  ability  to  keep  his  men  pleasantly  and 
advantagcoiisly  occupied  is  one  of  the  qualities  of  a  good 
commander,  and  medical  officers  should  assist  the  latter 
in  this  respect  whenever  possible. 

The  medical  officer  will  also  be  watchi'ul  to  guard 
against  the  causes  uf  the  diseases  which  arc  most  preva- 
leut  in  the  array,  viz.,  phtliisis,  heart  disease,  pulmonary 
diseases,  typhoid,  malaria  and  continued  fevers,  and,  not 
least  in  importance,  venereal  diseases.  The  latter  do 
much  barm  in  must  standing  armies,  and  it  is  as  a  pro- 
phylactic to  these  that  the  occupation  of  time  and  enei^ 
referred  to  al)ove  is  especially  advantageous.  So,  also, 
must  the  chief  surgeon  and  his  assistants  keep  oversight 
of  the  rations,  water-supplies,  etc.  They  must  inspect 
the  men  at  regular  intervals,  weighing  aud  measuring 
them,  and  examining  for  heart-strain  or  other  circulatory 
disturbance;  they  must  select  suitable  places  of  enaimp- 
ment  when  on  the  march,  caring  for  those  who  are  over- 
come by  the  heat  or  exhausted ;  they  must  see  that  the 
troops  do  not  injudicionsly  expose  themselves  when  over- 
heated ;  in  fact,  they  must  be  fully  as  zealous  and  active 
as  the  commanding  officer  to  maintain  the  entire  com- 
mand in  its  highest  physical  efficiency. 

For  fartber  inronnatioQ  oa  tliU  important  BUlt)<^ct  tUn  rvadiT  iit  re- 
rurred  to  the  article  on  "  Militery  HygtiMiu  "  lu  tlie  Rerertiii.'e  UHutlboolt 
of  tbe  Medical  Seiencea,  by  ColoDcl  A.  A.  Woodliull,  M.  D..  anil  to  the 
text-book  on  tho  aamo  anlyect  by  Ckptain  Bdwknt  I..  Munson,  M.  D., 
each  of  theaa  being  in  their  way  mcwlelB  of  ootoprehoiiaive  eicBlleiiBi'. 
and  having  the  autboritf  of  practical  experience. 


CHAPTER    XIV. 

VITAL  STATISTICS. 

Science  is  classified  knowledge.  By  arranging  known 
facts  and  units  into  groups,  and  considering  them  from 
di£Eerent  points  of  view,  we  discover  the  scope  of  a  par- 
ticular science,  and  are  also  led  to  the  discovery  of  new 
facts. 

In  hygiene  it  is  necessary  to  have  this  classification  of 
facts  to  know  what  progress  we  are  making,  for  the  true 
test  of  any  sanitary  procedure  is  its  efficacy  in  preserving 
health  and  preventing  disease,  and  we  cannot  know 
whether  it  Ls  efficient  or  not  unless  we  tabulate  and  study 
the  results  and  at  the  same  time  eliminate  disturbing 
factors.  In  this  connection  it  is  to  be  noted  that  our 
facts  must  be  accurate  and  deriveil  from  sufficient  experi- 
ence, and  that  the  disturbing  factors  are  especially  liable 
to  be  numerous. 

It  is  evident  that  we  may  study  disease  by  direct 
observation  at  the  bedside  and  at  the  post-mortem  table,  or 
by  experiment ;  and  while  our  knowledge  in  the  pa*st  has 
l)een  gained  principally  by  the  former  method,  we  now, 
since  the  advent  of  modern  bacteriology,  may  further 
investigate  many  diseases  by  reproducing  them  in  sus- 
ceptible animals.  In  this  way  we  soon  learn  that  some 
diseases  are  much  mon*  ])reventable  than  others,  and  we 
endeavor  to  discover  the  respective  causes  and  predispos- 
ing conditions  of  each  that  we  may  the  more  readily 
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estimate  their  effects  and  take  measures  to  reatrk-t  and 
prevent  their  action. 

Our  obaervationa  may  be  of  two  kinds  :  1.  By  noting 
and  comparing  iudiviJual  eases,  or  by  following  the  track 
of  a  particular  outbreak  or  epidemic.  2.  By  observing 
large  classes  and  groups  of  men,  which  necessitates  a 
record  of  birtlis,  marnages,  diseases,  and  deaths.  The 
consideration  of  such  records  constitutes  the  study  of 
vital  statistics,  the  most  important  object  of  which  is, 
as  Biilings  says,  "to  give  warning  of  the  undue  increase 
of  disease  or  death  presumed  to  be  due  to  preventable 
cause,  and  also  to  indicate  the  localities  in  which  sanitary 
effort  is  most  desirable  and  most  likely  to  be  of  use." 
The  reader  will  also  notice  liow  the  study  of  vital  statistics 
broadens  out  into  the  science  of  demography — the  study 
of  the  life  of  people  and  communities. 

The  national  census  reports  now  give  statistical  retuniH 
not  only  for  the  wards  and  other  political  divisions  of 
some  of  our  lai^  cities,  but  also  for  so-called  "  sanitary 
districts,"  in  which  the  population  is  chiefly  made  up  of 
those  of  marked  racial  or  other  characteristics  that  in- 
fluence the  vital  problem.  The  study  of  such  returns 
supplies  much  information  and  the  explanation  of  many 
otherwise  obscure  phenomena  iu  the  vital  statistics  of  a 
municipality, 

At  this  point  it  will  be  well  to  note  certain  elementary 
principles  which  must  be  observed  in  any  statistical  in- 
quiry, in  order  that  the  results  of  tliat  inquiry  may  have 
any  value  whatever.     These  are  : 

1.  Our  facts,  or  numerical  unite,  must  have  precise, 
definite,  and  constant  characteristics.  For  example,  in 
tabulating  the  death-rate  or  sick-rate  fn»ni  typhoid  fever, 
every  case   used  in  tlie   calculation  must  be   accurately 
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diagnosed  and  must  be  undoubtedly  one  of  that  disease. 
If  there  is  any  doubt  as  to  precisenessi  it  is  better  to  omit 
that  unit. 

2.  The  units  are  to  be  arranged  into  groups.  These 
groups  must  have  dividing  characteristics  so  definite 
that  there  can  be  no  doubt  into  which  group  each  unit 
will  come.  No  unit  must  be  in  more  than  one  group 
at  one  time.  It  is  difficult  to  group  complex  facts  so 
as  to  analyze  them  properly  and  to  discover  all  possible 
phases. 

3.  Having  decided  and  arranged  the  groups,  we  must 
have  a  constant  numerical  standard  by  which  the  relation 
of  the  various  groups  to  the  total  units  may  be  expressed. 
It  is  generally  100  or  some  multiple  of  100. 

4.  We  must  determine  the  variation  in  the  proportion 
or  relation  of  the  component  groups  to  the  whole  in  similar 
series  of  cases.  While  only  an  approximation  to  an  inva- 
riable proportion  may  be  had  in  any  one  series,  it  may  be 
shown  mathematically  that  as  the  number  of  units  in  the 
series  increases  there  is  a  greater  probability  that  the  pro- 
portions will  remain  the  same,  and  that  we  may  calculate 
the  limits  of  variation  by  Poisson's  formula,  as  follows : 
If  m  be  the  number  of  units  in  one  group  in  the  formula 
w  +  n  =  g,  and  n  the  number  in  the  other,  the  propor- 
tion of  m  to  o  will  be  — ,  and  of  n  to  q,  -,  and  these  proiK)r- 

9    .  .         .? 

tions  will  vary  in  succeeding  series  within  the  limits  indi- 

cattHl  by  2  ^/    ^'     .     Consequently,  the  greater  the  value 

of  7,  the  less  comparatively  will  be  that  of  2^  ,  orthe 

limit  of  variation  from  —  and  -. 
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Example:  Suppose  that  in  a  series  of  1000  cases  of 
dipbthoria  700  recover;  then,  according  to  the  above 
formula,  the  limit  of  variation  in  the  next  series  of  1000 
simdar  cases  would  l>e  40,  and  the  recoveries  would  be 
between  660  and  740 ;  whereas,  in  a  like  series  of  only 
100  cases  the  limit  of  variation  would  be  13  and  the 
proliable  recoveries  would  vary  between  57  and  83. 

The  arithmdical  mean  is  usually  employed  in  medical 
inquiries,  though  the  increase  in  population  is  estimated 
by  geometrical  progression.  The  probable  error  or  varia- 
tion from  the  anthmetical  mean  is  about  two-thirds 
(0.6745)  of  the  mean  error,  which  latter  is  the  jnean  of 
Uie  inean  error  in  excess  and  the  mean  error  in  deficiency. 
The  mean  error  in  excess  is  the  difference  between  the 
mean  of  the  series  and  the  mean  of  all  the  units  of  the 
series  above  the  mean.  The  mean  error  in  defiuiency  is 
the  difference  between  the  mean  of  the  series  and  the 
mean  of  all  the  units  below  the  mean, 

The  relative  value  of  two  series  is  as  the  reciprocals  of 
the  squares  of  their  probable  errors.  Thus  if  the  probable 
error  of  series  A  is  10  per  cent,  and  that  of  B  is  2  per 
cent.,  the  value  of  A  to  B  will  be  as  yj-^-  to  ^,  or  B  will 
be  twenty-five  times  as  valuable  as  A. 

The  relative  value  of  two  or  more  series  is  also  as  the 
square  roots  of  the  numbers  of  units  in  the  respective 
series.  From  the  above  it  is  evident  that  the  results 
from  an  average  cannot  be  absolutely  appliefl  to  any  par- 
ticular case,  for  there  is  always  the  cliance  of  such  varia- 
tion as  may  be  determine<l  by  Poisson's  formula  nr  by  tlie 
estimation  of  the  probable  error.  We  apply  averages  to 
the  aggregates  of  facts,  and  they  will  approach  exactitude 
if  they  are  founded  on  a  sufficient  number  of  facts.  M'e 
must  be  careful  in  estimating  tlie  value  of  means  and 
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averages  and  in  giving  credit  or  blame  acooidiaglj.  Goy 
says :  "  Averages  are  numerical  expresaions  of  probfr- 
bilities;  extreme  values  are  expressioiu  of  posmbilitieB." 

Statistical  results  are  irequently  expressed  by  graphic 
representations  (see  Fig.  84),  and  these  are  very  valuable, 
especially  for  class  or  similar  demonstration. 

The  numerical  unite  employed  in  the  study  and  the  cal- 
cuUtions  of  vital  statistjcs  are  pemuiB  living  and  persons 
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<h'!i(I,  and  the  uroiijis  into  which  these  units  ore  classiRed 
are  eharaptorizx^i  by  such  distlnetionR  as  age,  sex,  occupa- 
tion, locality,  etc.  The  sources  from  which  we  derive  our 
iufornintion  rc^rding  these  uiiit.s  are  two,  viz.,  the  cennua 
or  coiiut,  which  cverj'  civilized  country  makas  period- 
ifsilly,  and  the  returns  of  births,  marriages,  deaths,  and 
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cases  of  cootagious  disease  marie  to  local  goveroing  sani- 
tary IxHlies,  sucb  as  boards  of  health,  etc.  These  latter 
returns  localize  the  units  ami  help  especially  in  the  classi- 
fication in  which  locality  is  a  fiietor. 

The  census  returns  give  not  only  the  population,  but 
also  particulars  as  to  sex,  age,  race,  occupation,  etc.  Of 
these  the  age-reconi  is  most  importaul,  as  the  death-rate 
varies  most  according  to  age. 

The  natural  iiicremeitt  of  a  population  is  the  exwss  of 
liirths  over  deaths,  but  the  ndual  inpremenl  differs  from 
this,  however,  according  to  the  difference  l>etwecn  emigra- 
tion and  immigration.  And  as  the  rate  of  increase  does 
not  always  remain  the  same,  estimates  of  jKipulation  at 
times  other  than  of  the  census  cannot  be  exactly  accurate. 
Thns,  we  may  have  a  lowered  death-rate  and  yet  a  de- 
crease in  both  the  natural  and  actual  increment,  owing  to 
a  greatly  lowered  birth-rate  and  to  increased  emigration, 
both  of  which  may  be  primarily  due  to  a  long  period  of 
oppression  or  financial  distress.  However,  to  estimate 
the  population  for  times  other  than  the  census  year,  we 
assume  that  the  rate  of  increase,  whetlier  positive  or  nega- 
tive, that  prevailed  between  the  last  two  census  enumera- 
tions will  continue  until  the  next  is  taken. 

Now,  as  populations   increase   in   regular  geometrical 
progression  when  the  rate  of  Increase  is  constant,  which 
we  assume,  it  can  readily  be  shown  that 
If^rithm  R  =  -i-  (li^.  P'  ~  log.  P),  where  R  is  the 

annual  ratio  of  increase,  P  the  population  of  the  census 
before  the  last,  and  P'  the  population  of  the  last  census, 
If  we  now  multiply  the  logarithm  of  R,  the  annual  ratio 
of  increase,  by  the  number  of  years  since  the  last  cenHii^, 
aud  add  to  it  the  logarithm  of  the  last  census  (log.  P'V 
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we  will  have  the  logarithm  of  the  populadon  at  flie 

middle  of  the  given  year — e.g.^ 

Q  Qog.  of  the  pop- 1890  ~  log,  pop,  1880)  _^  |^  ^^  ^^^ 

=  logarithm  of  the  population  on  June  30, 1898. 

For  the  reasons  already  given,  such  an  estimate  will 
not  be  absolutely  accurate,  and  it  would,  consequently, 
be  well  to  have  a  census  taken  every  five  years  fi)r  certain 
data.  The  more  accurate  the  estimate  for  any  year  hap- 
pens to  be,  the  mere  reliable  will  be  the  statistical  results. 
It  is  also  to  be  noted  that  in  this  country  the  c^isus  is 
taken  at  the  middle  of  the  year,  and  that  death-rates,  etc, 
are  based  on  the  population  estimated,  as  above,  for  the 
middle  of  the  given  year. 

We  may  also  estimate  the  population  from  the  number 
of  houses  and  use  this  as  a  check  on  the  above  estimate. 
The  number  of  persons  living  in  each  house  averages  about 
the  same  for  each  city,  but  differs  for  different  cities. 
Local  autliorities  always  tend  to  overestimate  the  popu- 
lation, and  a  police  census  is  invariably  too  high.  An- 
other method  of  approximately  estimating  the  population 
in  small  and  slowly  increasing  districts  is  to  add  to  the 
population  of  the  last  census  one-tenth  of  the  difference 
between  it  and  the  population  of  the  preceding  census  for 

every  year  since  the  last  census. 

■   * 

As  has  been  stated,  we  get  the  number  of  births,  mar- 
riages, deaths,  etc.,  from  the  registration  records,  the 
j)roper  data  l)eing  furnished  to  the  registration  bureau  by 
duly  authorized  persons.  For  instance,  the  law  should 
require  a  burial  permit  for  each  death  in  order  to  identify 
the  person  and  to  guanl  against  criminal  acts  or  neglect, 
and  the  death  certificate  on  which  the  burial  permit  is 
issued  should  give  the  name,  sex,  color,  age,  occupation, 
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and  especially  the  cause  of  death  oi'  the  deceased.  The 
diiignosis  conceruing  this  last  item  should  be  as  correct  as 
possihle,  and  the  primary  as  well  as  the  secondary  cause 
of  death  should  be  giveu.  And  while  it  is  difficult  to 
determine  the  actual  cause  of  death  in  many  cases  without 
a  potdtnortem  exominatioD,  there  is  fortunately  not  much 
uncertainty  usually  in  diagnosing  the  diseases  of  which 
wc  most  want  statistical  information,  especially  the  so- 
culled  preventable  or  infectious  diseases. 

As  a  consequence  of  the  above,  tlie  certificate  as  to  the 
cause  of  death  will  need  to  be  signed  by  some  one  compe- 
tent to  determine  that  cause,  viz.,  by  an  educated  physi- 
cian ;  and  it  is  tlierefore  neceasary  that  the  Stat*  should 
define  who  is  and  who  is  not  an  "cducate<l  physician." 
And  as  this  information  and  the  other  required  returns 
which  the  physician  makes,  as  well  as  his  prtjfessional 
services  in  general,  are  for  tlie  sake  and  benefit  of  the 
citizens  of  the  State,  it  is  evidently  to  the  State's  interest 
that  it  be  very  careful  and  explicit  as  to  the  qualifications 
of  the  physicians  whom  it  allows  to  practise  within  its 
bonlers, 

Another  reason  for  the  enforced  return  of  a  certificate 
and  the  issuance  of  a  burial  permit  for  every  death  is  that 
this  is  about  the  only  way  in  which  it  is  possible  to  secure 
a  record  of  all  the  deaths.  Any  system  for  collating  the 
list  of  deaths  only  at  the  end  of  the  year  will  omit  from 
26  to  40  pr  cent,  of  the  number. 

The  statements  made  in  the  introdnctorj-  chapter 
and  elsewhere  show  the  importance  of  vital  statistics 
in  determining  the  sanitary  conditions  and  Improvement 
of  communities.  In  order  that  comparisons  and  correct 
judgments  may  be  readily  made,  it  is  evident  that  all 
classifications,  returns,  and  registrations  should  be 
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basis  or  system  as  uniform  as  possibley  but  almoet  the 
opposite  has  obtained,  since  almost  every  State,  city,  or 
local  authority  has  used  its  own  system  and  without  any 
concert  of  action  until  comparatively  recently.  Accord- 
ingly, in  order  to  amend  this  and  to  secure  not  only  uni- 
form, but  also  correct  and  thorough  returns  from  the 
whole  country,  the  Division  of  Vital  Statistics  of  the 
U.  S.  Census  Office  is  making  extraordinary  efforts  to 
bring  about  uniform  legislative  requirements  in  the  vari- 
ious  States  and  to  secure  the*adoption  of  the  International 
Classification  of  Causes  of  Death,  which  is  intended  ^'  to 
harmonize  the  features  of  the  most  generally  used  systems 
in  order  to  afford  a  common  basis  of  union,''  and  has  been 
adopted  by  the  U.  S.  Census  Office  for  the  compilation  of 
mortality  statistics.  To  this  end  circulars  have  boon  sent 
to  every  physician  "describing  the  details  required  by 
the  Standard  Certificate  of  Death  (see  opposite  page),  and 
giving  the  titles  of  the  International  Classification  of 
C\iuses  of  Death,  with  explanatorj'  notes  showing  the  sig- 
nificance of  various  terms  to  the  titles  under  which  they 
are  compiled,  and  a  list  of  indefinite  and  unsatisfactory 
terms  very  frequently  used  in  reporting  deaths,  with  a 
statement  of  why  such  statements  are  unsatisfactory." 
This  circular  is  very  instructive,  and  its  recommendations 
should  henceforth  be  observed  by  all  physicians  in  making 
death  returns.' 

The  gross  death-rate  varies  with  the  size  of  the  com- 
munitv.     N(»wly  settled  communities  have  a  lower  death- 

*  This  circular  can  dcmbtless  be  had  on  application  to  the  Division  of 
Vital  Statistics  of  the  (Vnsns  Office  at  Washington,  together  with  a  cir- 
cular on  Medical  Education  in  Vital  Statistic^*,  n'lating  to  the  instrac- 
tion  of  medical  studenU  in  registration  methods,  uses  of  registration 
data,  and  the  duties  and  ohlij^ations  of  physicians;  and  one  on  Practi- 
cal Registration  Methods,  for  the  information  of  local  registrars. 
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rate  than  older  ones,  because  the  proportioD  of  adults  is 
larger  and  of  children  smaller  in  the  former.  With  large 
communities  and  short  periods  the  probabilities  of  error 
are  very  great,  and  the  longer  the  period  the  less  likelihood 
of  error.  Birth-rates,  marriage-rates,  and  death-rates  are 
usually  calculated  as  rates  per  thousand  of  the  population 
living  at  the  middle  of  the  given  year,  and  are  deter- 
mined by  multiplying  the  number  of  births,  marriages,  or 
deaths  by  1000,  and  dividing  the  product  by  the  population. 

Fair  death-rates  are  9  to  16  per  1000  in  rural  districts 
and  small  villages;  14  to  18  per  1000  in  towns  of  6000 
to  20,000;  17  to  20  in  cities  of  25,000  to  100,000,  and 
18  to  21  in  cities  of  over  100,000.  If  the  death-rates  are 
much  lower  than  this,  the  chances  arc  that  the  population 
has  been  overestimated  or  that  all  deaths  have  not  been 
recorded.  If  more  than  this,  there  is  probably  some 
special  cause  for  the  liigh  mortality. 

In  statistical  computations  we  must  exclude  the  popu- 
lations and  deaths  in  hospitals,  prisons,  etc.,  except  for 
such  of  the  inmates  as  belong  to  the  district  in  which 
such  institution  is  located. 

To  find  the  weekly  or  daily  death-rate,  the  number  of 
deaths  for  the  week  or  day  must  be  multiplied  by  1000 
and  divided  by  the  so-called  weekly  or  daily  population : 

the  weekly  population  =  *5^!-£?Pl!^ ;  the  daily  popu- 
lation =  —  Jl  T.^^rr — .    The  monthly  population  equals 
365.24226  "^  ^  ^  ^ 

the  daily  population  multiplied  by  the  number  of  days  in 
the  month. 

The  zymotic  death-rate  is  the  rate  from  the  seven 
principal  zymotic  or  infectious  diseases,  viz.,  smallpox, 
measles,    scarlatina,    diphtheria,   whooping-cough,    fever 
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(typhoiti,  typhus,  or  other  contioued  fever),  and  diarrhoea.' 
It  is  given  per  1000  of  population,  and  in  the  sanio  way 
we  can  give  the  special  rate  for  any  ^lartioular  diseatte. 
For  example,  the  average  annual  zymotic  death-rat«  for 
England  and  Wales  for  the  decade  from  1861  to  1870 
waa  4.11,  for  1871-80  it  was  3.36,  and  for  1881-90,  2.30 
— a  striking  proof  of  the  decided  benefits  following  proper 
attention  to  hygiene  and  sanitation. 

The  mortjdity  from  certain  diseases  is  affected  hy  age, 
»es,  race,  occupation,  density  of  population,  seasons, 
cyclical  changes,  etc, 

(■ontrary  to  the  general  rule,  the  rate  of  infant  mortality 
is  not  expressed  per  thousand  of  population,  but  measured 
by  the  proportion  of  deaths  of  infants  under  one  year  to 
the  births  registered  in  that  year,  and  is  determined  by 
multiplying  the  number  of  deaths  by  1000  and  dividing 
the  product  by  the  number  of  births. 

The  infant  mortality-rate  is  always  high  owing  to 
various  causes,  viz.,  early  marriages  and  weakly  parents, 
hereditary  tendencies  or  diatheses,  insanitary  eurronndings 
and  unfavorable  social  conditions,  improper  feeding,  in- 
sufticient  clothing,  infant  life  insurance,  etc. 

Death-rates  vary  greatly  for  the  different  ages,  being 
much  higher  for  the  first  five  years  of  life.  For  this 
reason  it  is  well  to  express  the  death-rate  of  children 
under  five  as  the  rate  per  thousand  of  children  under  that 
age,  rather  than  as  a  percentage  of  the  total  number  of 
deaths.  Otherwise,  a  town  with  a  large  number  of  chil- 
dren might  apparently  have  an  abnormally  high  drath- 
pate.  There  might  also  be  a  difference  in  the  death-rates 
of  two  localities  due  to  sex -distribution,  for  the  sexes 
differ  in  their  susceptibility  and  resistance  to  the  various 
1  WilMD,  HftDdbook  of  Hygiene,  Bth  edition,  p.  570. 


432  VITAL  STATISTICS. 

dieeases.  More  boys  are  bom  everywhere  than  girls,  but 
more  males  die  tlian  females,  so  that  the  tendency  is  to  a 
preponderance  of  the  latter,  except  in  newly  settled  coun- 
tries or  localities.  Age-distribution  and  sex-distribution 
favor  a  low  mortality  in  rapidly  increasing  towns,  new 
localities,  and  manufacturing  districts ;  in  rural  districts 
they  tend  to  increase  the  death-rate. 

Consequently,  when  the  death-rates  of  two  or  more 
towns  or  localities  are  to  be  com|)ared,  there  must  be  cor- 
rections for  age-distribution  and  sex-distribution.  The 
mean  annual  death-rate  of  the  country  for  the  decade  pre- 
ceding the  last  census  for  each  age  and  sex  is  applied  to 
the  town  or  district,  with  age-distribution  and  sex-distri- 
bution according  to  the  last  census.  The  total  number  of 
deaths  thus  calculated,  multiplied  by  1000,  and  divided 
by  the  population  of  the  last  census,  gives  the  standxird 
death-rate  of  that  town.  The  mean  annual  death-rate  of 
the  country  divided  by  the  standard  death-rate  gives  the 
fa^^tor  for  correctioTiy  which  lx»ing  multiplied  by  the  re- 
corded death-rate  of  any  year  gives  the  corrected  death- 
rate.  The  comparative  mortality  figure  is  determined  by 
multiplying  the  corrected  local  death-rate  by  1000  and 
dividing  by  the  death-rate  for  the  whole  country,  and 
r)nly  indicates  that  the  same  population  which  gave  1000 
deaths  in  the  wliole  country  gave  or  would  have  given  so 
many  deaths  in  the  town  or  district  in  question. 

The  morbidity-rate  or  sick-rate  of  a  community  is  diflS- 
cult  to  estimate,  since  there  is  usually  no  complete  record 
and  registration  of  oases  of  disease.  Where  returns  are 
required  to  be  made  of  the  infectious  diseases,  the  mor- 
bidity due  to  them  may  be  determined  in  the  same  way 
as  the  mortality  for  the  locality.  It  is  estimated  that 
there    is  a  total  of   about    two    years'   sickness    in    a 
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community  for  every  dcutli,  and  members  of  beueticiul 
societies  are  said  to  average  about  one  and  oiie-lialf 
weeks'  sickness  annually.  In  tliis  conuection,  tlie  fol- 
lowing definitions  are  given  of  terms  tliat  are  employed 
in  discussions  of  vital  statistics,  especially  in  relation  to 
longevity : 

The  Rtean  age  at  death  of  a  population  is  the  avei 
age  at  wlitch  death  occurs  in  that  population,  and  is  indi- 
mtfid  by  the  total  of  the  ages  at  death  divided  by  tlie 
iiuinlxir  of  deatlis.  Inasmuch  as  it  depends  largely  on  the 
agiMltstribution  of  the  population,  it  m  neither  a  good  test 
of  longevity  nor  of  sanitary  coudittons,  except  when  it  is 
calculated  or  taken  from  life-tables  for  an  entire  generation. 

The  probable  duration  of  fife  is  the  age  at  which  any 
number  of  children  bom  will  l»e  retliiced  one-half,  the 
chances  thus  being  even  that  each  will  survive  to  that  age, 

For  a  million  children  the  probable  duration  of  life  is 
for  males  less  than  forty-five  years ;  for  females,  forty- 
seven  years. 

The  mean  duratton  of  fife  is  the  same  as  the  mean  age 
at  death  when  the  population  is  stationary  as  to  age- 
distribution  and  sex-distribiition.  Otherwise,  it  is  indi- 
cated by  the  mean  after-lifetime. 

The  expeeiiUion  of  life  is  the  mfan  after-Ufdhne  of  a 
person  at  any  age,  as  indicated  by  a  life-table;  or,  in  other 
words,  it  is  the  average  number  of  years  which  jtcrsous 
of  that  age  continue  to  live.  At  birth  it  is  identical  with 
the  mean  duration  of  life,  and  "as  applied  to  comnmui- 
ties,  it  is  the  mean  lifetime  of  a  generation  of  persona 
traced  by  the  life-table  method  from  birth  to  death,  and 
is  the  only  true  test  of  the  health  of  populations."  Ac- 
coniing  to  Farr,  "  a  life-table  is  a  barometer  which  in- 
dicates  the   exact  measure  of  the  duration  of  life  under  A 
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given  circumstances,  and  is  indispensable  in  gaugi 
influence  of  sanitary  or  insanitary  conditions." 

The  essential  fiictors  of  a  life-table  are  the  numb 
ages  of  the  living  and  the  number  and  ages  of  thoi 
die,  and  these  factors  are  obtained  from  the  mean 
lation  for  each  age  and  sex  and  from   the    total 
returns  between  two  censuses. 


I 


CHAPTER    XV. 

THE  EXAMINATION  OF  AIR,  WATEIt,  AND  FOOD. 

In  tliis  final  chapttT  the  author  has  eudtavored  to  ar- 
range a  series  of  mcthodH  fi>r  the  cxuuiination  or  analysirf 
of  the  8ubje«t8  respectively  (wnsiderttl,  in  such  a  ninniii^r 
that  any  one  who  has  had  a  httle  laboratory  experience 
may  be  enabled  to  determine  their  hygienic  conditions, 
sanitary  influence,  or  degree  of  purity,  and  tliis  at  the  cost 
of  a  minimum  of  time  and  expense. 

The  methods  outlined  have  l>een  selected  from  a  variety 
of  sources,  and  some  have  been  especially  modified  for  the 
purpose ;  so  that  while  it  is  not  cluinieil  that  they  will  give 
the  alisolutely  accurate  results  desired  by  the  professional 
bacteriologist  or  chemist,  nor  that  they  will  suffice  as  a 
basis  for  expert  testimony  in  wjurt  or  to  establish  I^;nl 
rights,  it  is  believed  that,  if  carefully  carried  out,  they 
will  not  fail  to  yield  the  information  sought  for,  viz., 
whether  the  sample  of  air,  water,  or  fcHid  eximiined  is 
sanitarily  pnre  or  safe  for  use  within  the  accepted  limits. 

Only  such  apparatus  is  to  be  used  as  can  be  readily 
obtained  or  improvised  without  much  espenae,  and  every 
effort  has  been  made  to  render  everything  clear  to  the 
student  and  reader,  so  tliat  he  may  not  hesitate  to  under- 
take the  necessary  investigation  whenever  occasion  requires 
or  an  opportunity  offers. 

For  further  details  regarding  any  of  the  methods,  should 
these  be  found  neceesary,  reference  may  be  made  to  the 
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text-books  indicated,  as  thej  will  render  dear  any  points 
that  may  here  seem  uncertain  or  abstrose. 

Air. 

The  solid  impurities  in  the  atmosphere  may  be  col- 
lected for  microscopical  examination  as  follows :  Tightly 
cork  a  large  glass  funnel  and  fill  it  with  cracked  ice.  As 
the  aqueous  vapor  of  the  air  condenses  on  the  exterior, 
the  dust  particles  adhere  to  the  moistened  glass,  and  are 
carried  down  by  the  condensed  water  into  a  vessel  placed 
below,  in  which  they  are  allowed  to  settle.  From  this 
they  are  transferred  by  means  of  a  pipette  to  clean  slides 
and  examined  under  the  microscope.  Dixon's  apparatus 
may  often  be  used  advantageously,  especially  where  it  is 
desired  to  examine  the  dust  in  the  air  of  a  number  of 
loealities  within  a  short  time.  In  this  the  air  from  the 
respective  places  is  drawn  successively  over  cover-glasses 
which  have  l>een  coated  with  gelatin  or  glycerin,  and  on 
which  the  dust  particles  are  deposited  and  adhere  till  they 
may  be  examined  microscopically  or  bacteriologically. 

To  make  a  qualitative  bacteriological  examination  the 
air  may  also  be  drawn  through  sterilized  glass  tubes  coated 
interiorly  with  gelatin.  Bacteria  and  their  spores,  moulds, 
etc.,  adhere  to  this  coating,  and  from  each  individual  or 
group  of  individuals  colonies  develop,  from  which  pure 
cultures  and  subsequent  bacteriological  experiments  may 
be  made ;  or  the  sterilized  gelatin  may  be  exposed  in  flat 
(Petri)  dishes  to  the  air  for  a  short  time  to  allow  the  bac- 
teria, etc.,  to  fall  on  the  surface.  The  tubes  or  dishes  are 
then  covered  and  sot  aside  to  allow  the  colonies  to  develop. 

To  make  a  quantitative  bacteriological  examination  a 
known  quantity  of  air  may  lx»  dniwn  through  a  small 
tube   filled  with   sterilized  and   pulverized   sugar.     The 
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BUgar  is  then  transferred  to  tubes  or  flasks  of  melted  and 
sterilized  gelatin,  and  (lissolving  leaves  the  bacteria,  etc, 
free  to  develup  in  the  gelatin,  wliich  may  be  poured 
ufKin  sterilized  glu^s  platea  or  Petri  diahes  before  cooling. 
A  temperature  just  sufficient  to  melt  the  gelatin  will  not 
be  too  warm  to  harm  the  bacteria.  The  number  of  coh>- 
nies  that  develop  may  be  assumed  to  represent  the  imnil>er 
of  living  micro-organiams  in  the  volume  of  air  drawn 
through  the  tulje. 

Test  for  Carbon  Dioxide,  00,. — Boom's  Modi- 
jie<dioii  of  Wfdpfii't  Mvthotl. — Make  a  mark  on  any  test^ 
tube,  say  one  inch  from  the  bottom.  Fix  the  bulb  of 
an  atomizer  to  a  glass  capillary  tube  sufficiently  long 
to  riach  to  the  bottom  of  the  test-tube,  and  in  such  a 
manner  that  a  definite  quantity  of  air  is  forced  from  the 
bulb  through  the  tube  at  each  compression.  To  use :  Fill 
the  test-tube  exactly  to  tiie  mark  with  a  saturated  solu- 
tion of  lime-water,  take  the  apparatus  into  the  out-door 
air  and  find  out  how  many  compressions  of  the  bulb  are 
needed,  driving  the  air  slowly  through  the  lime-water 
each  time,  to  make  the  lime-water  just  turbid  enough  to 
obscure  a  pencil-mark  on  white  paper  placed  beneath  the 
test-tube  and  viewed  from  above.  Then  rinse  out  the 
test-tube,  fill  exactly  to  the  mark  again  with  lime-water, 
and  repeat  the  process  in  the  room  the  air  of  which  is  to 
be  examined.  We  tlien  assume  that  the  out-door  air  con- 
tains the  normal  amount  of  carbon  dioxide — 0.04  per  cent, 
(unless  we  happen  to  know  the  actual  amount  in  the  atmos- 
phere at  the  time),  and  estimate  the  percentage  of  carlwn 
dioxide  in  the  air  of  the  room  by  the  following  proportion : 
Ijetx^^  the  percentage  ofCOi  in  the  air  of  the  room.  Then 
the  number  of  c07npres«iona  of  the  bulb  required  in  the  outer 
air  is  lo  the  namber  of  compreaeions  required  m  llie 
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xisto  0.0i.  If  the  actual  percentage  of  CO,  in  the  outer 
air  is  known,  substitute  this  for  the  0.04  per  cent,  in  the 
formula.  Care  must  be  taken  in  using  this  device  not  to 
draw  any  of  the  lime-water  into  the  bulb. 

A  Modification  of  Angus  Smithes  Method. — ^To  a  mod- 
erately large,  wide-mouth  bottle  (one  quart)  fit  a  per- 
forated rubber  stopper,  the  perforation  being  just  large 
enough  to  admit  the  tip  of  a  1  cc.  pipette ;  first  fill  the 
bottle  with  the  air  of  the  room  by  filling  it  with  water 
and  then  emptying  it  in  the  room ;  fit  in  the  stopper  and 
introduce  1  cc.  at  a  time  of  a  standardized  alkaline 
solution,  slightly  colored  with  a  few  drops  of  a  neutral 
alcoholic  solution  of  phcnolphthalein ;  close  the  perfora- 
tion with  a  pie(!e  of  glass  rod  and  shake  the  bottle  well 
aftor  each  addition  of  the  alkali,  noting  when  the  color 
ceas(»s  to  be  discharged  by  the  COj  of  the  contained  air. 
Tlien,  since  the  quantity  used  of  the  alkali  solution  indi- 
cates a  certain  definite  amount  of  COj : 

The  number  of  cc.  used  multiplied  by  the  amount  of  CO^ 
each  CO.  represents,  midtiplied  by  100,  and  divided  by  the 
capacity  of  the  botth  in  cc.  less  the  number  of  cc.  of  solu- 
tion used  =  x-—  the  percentage  of  COg  in  the  air  exam- 
ined. 

A  suitable  alkaline  solution  may  be  prepared  as  fol- 
lows :  Dissolve  exactly  2.409  grammes  of  pure  sodium 
carbonate  (free  from  the  water  of  crystallization)  in  1 
litre  of  (listille<l  water.  Only  a  fraction,  say  one-fourth 
or  one-tenth,  of  this  quantity  nccxl  1x3  made  up  at  a  time. 
Each  cc.  of  this  solution  is  equivalent  to  1  cc.  of  COj. 
For  use :  To  10  cc  of  this  solution  add  a  few  drops  of 
neutral  alcoholic  solution  of  phcnolphthalein  and  dilute 
to  100  cc  Each  cc  of  this  dilute  solution  is  then 
ecjuivalent  to  0.1  cc  of  COo,  and  used  as  above  will  give 
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close  results.  TLe  phenolplithalcin  is  ii&ed  as  an  indi- 
cator, as  it  loses  its  color  as  long  as  the  CO,  is  absorbed 
and  the  alkalinity  of  the  soda  solution  is  dtstroyed.  The 
stock  solution  should  be  kept  in  well-filled,  tightly  stop- 
pered iKittles. 

Example :  If  9  e.c.  of  the  alwve  dilute  solution  be  used, 
and  the  capacity  of  the  bottle  is  1200  c.c,  then 
9X0.1X100       90  ^^,.. 

1200^9— Tm^^-'^-o^^^' 

the  percentage  of  CO,  in  the  air  of  the  room, 

Pdtinkofei^x  SMkod.—lnto  a  large  clean  bottle  filled, 
as  above,  with  the  air  of  the  room,  60  cc  of  a  clear  solu- 
tion of  lime  (or  liaritim  hydrate)  are  introduce*!,  the  bottle 
stoppered  and  then  woU  shaken  so  that  the  air  may  be 
thoroughly  mised  with  the  lime-water.  The  strength  of 
the  lime-water,  being  unknown,  is  determined  by  means 
of  a  solution  of  oxalic  acid  of  such  a  strength  that  1  c.c. 
corresponds  in  alkalinity  to  0.5  cC;  of  (X)^.  {Such  a 
Boiutiim  is  made  by  dissolving  exactly  2.84  grammes  of 
pure  crystallized  oxalic  acid  in  1  litre  of  distilled  water.) 

Into  25  c.c.  of  the  stock  lime-water  in  a  beaker  this 
acid  dilution  is  run  from  a  graduated  burette  imtil  the 
alkalinity  of  the  lime-water  is  just  destroyed,  the  neutral 
point  licing  indit'ated  cither  by  means  of  a  few  drops  of 
phenol phthalein  solution  in  the  beaker  or  by  turmeric 
jiaper,  the  latter  being  colored  brown  and  the  phenol- 
phthalein  retaining  its  color  as  long  as  the  solution  is 
alkaline.  When  the  lime-water  is  exactly  neutralized,  the 
exact  amount  of  the  acid  solution  used  is  noted.  Then, 
after  the  time  necessary  to  allow  the  complete  absorption 
of  the  CX!)j  in  the  testing  bottle  by  the  lime-water  therein, 
viz.,  eight  to  ten  hours,  25  c.c.  of  that  lime-water  are 
measured    into    a    beaker,    and    the    alkalinity    exactly 
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deti^nuiiicd  sia  abovt'  Iiy  inoaus  of  the  oxalic  acid 
tiuti. 

Nuw,  inasmuch  as  part  of  the  alkalinity  of  llie 
water  which  was  lu  the  lK>ttle  has  already  been  n« 
izfd  by  the  carbou  dioxide  in  the  air  of  the  bottle,  i 
require  less  of  tlie  acid  solutiou  to  neutralize  the 
water  from  the  bottle  than  was  require*!  for  the 
quantity  of  st*iek  lime-water,  and  a&  1  c.c.  of  tbi 
solution  corresiwnds  to  0.5  c.c.  of  CO„  the  difTerai 
the  amouuts  of  acid  solution  used  expressed  in  cj 
eK|)res3  the  number  of  c.c.  of  CO,  in  tlie  volume  i 
in  the  bottle. 

For,  though  each  cc  t)f  acid  solution  is  eqaiv 
only  0.5  c.e.  of  CO,,  the  loss  of  alkalinity  of  only 
half  the  lime-wafer  primarily  introduced   into  the 
lias  been  determine*!,  and  the  total  loss  of  alkalinity 
have  to  be  expressed  Ity  midtiplying  0.6  c.c.  CX),  by 
the  difference  in  c.c.  between  the  amount  of  acid 
testing  the  stock  lime  solution   and  that  used  in  tc 
the  25  c.c.  (one-half)  of  lime-water  from  the  btjttle. 
tmce   0.5—1.      Therefore,   the  difference   bt-tweea 
readings  in  the  two  tests  gives  the  amount  of  CO, 
bottle  having  been  thus  determined  and  tlie  onpacil 
the  bottle  found  by  measuring  the  qnantity  of  wal 
air  in  the  bottle.     Tlie  quantity  of  carbon  dioxide  ti 
will  hold,  the  percentage  of  carbon  dioxide  in   tin 
examined  is  readily  determined. 

Example :  25  c.c.  of  stock  lime-water  require  30 
acid  solution ;   25  c.c.  of  lime-water  from  bottle  i 
27  c.e.  of  acid  solution. 

Tlicrefore,  30  c.c.  —  27  c.e.  —  3  c.c.  —  amount  of 
dioxide  that  was  in  the  air  in  the  bottle,  which  « 
(for  example,  say)  2550  c.e. 
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Ti,^„_3Xj00_300_ 
2550-50  2500 
air  of  the  ruom  at  current  temperatare  and  pressure.  To 
be  absolutely  exact  in  Uie  result,  oorrection  must  be  made 
by  retlucing  the  results  to  the  standard  temjierature  and 
barometric  pressure,  but  this  is  unnecessary  in  most  cases. 

The  absorptiftn  of  the  carbon  dioxide  gas  is  more  rapid 
if  a  solution  of  barium  hydrate  is  used  instead  of  the 
lime-water,  the  former  taking  up  the  gas  in  an  hour  or  so 
instead  of  eight  or  ten,  aa  with  the  lime-water,  but  the 
latter  is  usually  much  more  readily  obtained,  and  there- 
fore more  likely  to  be  used. 

Water. 

To  test  for  color,  turbidity,  etc.,  compare  with  distilled 
water,  using  tall  glass  jars  and  looking  down  thmugh 
equal  depths  upon  a  white  surface.  The  smell  of  a  water 
may  bi!  detected  by  heating  it  to  alxTut  1 40°  F.  for  a  few 
minutes  in  a  glass-stoppered  bottle.  This  test  may  or 
may  not  indicate  fecal  eontamination.  Few  polluting 
impurities,  when  only  in  moderate  quantities,  give  any 
taste  to  water,  and  a  dangerously  polluted  water  may 
have  a  good  taste.  Iron  in  small  quantities,  one-fourth 
of  a  grain  to  a  gallon,  will  give  a  taste  to  the  water. 

Use  caution  in  tasting  suspicions  waters.  Aeration  is 
indicated  by  the  lustre  of  the  water  and  by  the  presence 
of  air-bubbles  on  the  sides  and  bottom  of  the  vessel.' 

Teat  for  Chlorine. — Sofulhns  reijuireS:  1.  Standard 
nitrate  nf  silver  solution  :  to  1  litre  of  pure  distilled  water 
add  4.78S  grammes  of  pnre  silver  nitrate ;  1  e.c.  of  this 
sobition  is  equivalent  to  1  m.g.  nf  chlorine.  2.  Potas- 
sium ehromate  solution — a  5  or  10  per  cent,  solution  of 

<  See  klso  pages  3IS 
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piitussium  eliixiiiiat*'  matli-  up  in  distillwl  water  free 
clikiriiic. 

Pfois-M. — To  100  c.u.  of  the  water  add  a  fi*w  dio 
pota.ssiitm   chn>n]at«  soliitiun,  and   then   run   in   fn 


l>urett«  iir  graiUiatol  pipette  tho  silver  solution,  ftdclii 
firop  by  drop,  and  Mtirring  tlie  water  with  a  ^asa 
Continue  until  a  faint  but  permanent  nrtingc-red  tint 
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!«*«  produced,  eliowing  that  all  the  chlorine  has  cooibined 
with  th(i  silver,  tlio  ]>ei'siRtei)t  reddish  color  being  dut-  to 
silver  chromat«.  The  iiiiniber  of  c.e.  uf  silver  solutioa 
used  indicates  the  numbiT  of  milligrummes  uf  chloriue  in 
100  c.c,  or  parts  per  100,000;  this  multiplied  by  10  gives 
the  number  of  milligrammes  in  1  litre,  or  parts  per 
1,000,000.  If  the  water  contains  but  little  cldorine, 
accnraey  will  be  furthered  hy  evaporating  250  c.c.  of  the 
water  to  50  c.e.  over  a  water-bath,  and  proceeding  as 
above;  the  result  multiplied  hy  4  will  give  the  amount 
of  chlorine  lu  1  litre. 

Teat  for  Nitrates. — Soluiiom  rerpiii-td:  1.  Phenol- 
.aulphonic  acid :  6  grammes  of  pure  carbolic  acid;  37  c.c. 
of  strong  sulphuric  acid,  and  3  c.c.  of  distilleil  water.  2. 
Standani  potassium  nitrate  solution:  add  0.722  gramme 
of  fused  potassium  nitrate  to  1  litre  of  distilled  water. 
Each  c.e.  of  this  solution  contains  0.1  m.g.  of  nitrogen  as 
nitrates.  The  water  used  in  making  the  solution  must  be 
free  from  nilrates. 

Procewi. — Evaporate  10  c.c.  of  the  water  to  be  exam- 
ined (or  25  c.e.  if  it  is  presumably  low  in  nitrates)  jnst  to 
dryness.  Add  1  c.e.  of  phenolsnlphonic  acid,  stir  with  a 
glass  rod,  and  add  1  c.c.  of  distilled  water  and  3  drops  of 
strong  sulphuric  acid  ;  warm,  and  add  25  c.c.  of  distilled 
water,  being  («refnl  not  to  dissociate  and  drive  off"  any  of 
the  nitrates  by  too  prolonged  or  intense  heating;  then 
add  ammonia  until  the  fluid  is  strongly  alkaline,  and  di- 
lute with  water  to  50  c.c. 

Treat  1  c.c.  of  the  standard  solution  in  an  exactly 
similar  manner  and  compare  the  tints  produced,  placing 
them  in  two  Nessler  or  other  tubes  of  equal  calibre,  and 
diluting  the  darker  nntil  the  tints  match  exactly,  and  cal- 
culating the  amonnt  of  nitrt^n  present  by  the  amount  ol 
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dilution  necessary — e.  g.,  in  testing  a  certain  Hiniptv,  die 
tint  from  1  c.c.  of  standard  potassiiiiu  nitrate.-  solution  i« 
darker  aud  requires  the  additiou  of  50  c.c.  more  water 
— ('.  c,  up  to  100  c.c.  Therefore,  100  c.c.  :  oO  cc. 
: :  0.1  ni.g.  N  :  x  =  O.Oo  ra.g.,  the  amount  of  nitrogcu  as 
nitnites  in  the  10  c.c,  of  water  examined.  The  test  is  baswi 
on  tile  fact  that  the  phenolsulphonic  acid  is  convertetl  hv 
tlie  nitrates  into  picric  acid,  which  forms  amiuonium  pic- 
Rite  upon  addition  of  tlie  ammonia,  thu^  giving  a  %-cIlow 
tiut  to  the  water.  The  amount  of  picric  acid  aud  picrate 
iijrmed  and  the  consequent  depth  of  color  therefore  depend 
on  the  amount  of  nitrates  present  in  the  water. 

Test  for  Nitrites. — Sol lUions  required  :  1.  Sulphonilic 
acid  :  dissolve  0.5  gramme  ot  sulphauilic  acid  in  150  c.c. 
of  dilute  acetic  acid,  sp.  gr.  104,  2.  Naphth^iamiDe 
acetate:  boil  0,1  gramme  of  solid  naphthylaniinc  in  30 
c,c.  of  distilled  water,  filter  through  a  plug  of  washed 
absorbent  cotton,  and  mix  the  filtrate  with  ISO  c.c,  of 
dilute  acetic  acid.  3.  Standard  sodium  nitrite  solution: 
dissolve  0.275  gramme  of  pure  silver  nitrite  in  pure  water 
and  add  a  dilute  solution  of  pure  sodium  chloride  until  a 
precipitate  ceases  to  form,  and  dilute  to  250  c.c.  with  pure 
water.  For  use,  dilute  10  c.c,  of  this  stock  solution  to  100 
C.C,  Each  C.C.  of  the  dilute  solution  contains  O.OI  m.g. 
of  nitrogen  as  sodium  nitrite.  Keep  the  solutions  in  llw 
dark  when  not  in  use.  All  water  in  these  solutiuDs  t 
be  free  from  nitrites ;  likewise  all  water  used  in  the  ti 
except  the  sample  under  examination. 

Process. — Place  2.5  cc.  of  the  water  to  be  examined  i 
a  cylindrical  vessel,  aud  in  a  similar  vessel  of  the  e 
calibre  dilute  1  c.c,  of  the  (diluted)  standard  sod" 
solution  to  26  c.c.  with  nitrogen-free  distilled  \ 
\  to  each  vessel  2  cc  of  first  one  aud  then  the  other  r 
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using  a  separate  pipette  for  eacli ;  compare  the  colors  at  tlie 
Gild  of  five  miuutes  and  estiiniit?  the  amount  of  nitrites  Ifjc 
diluting  the  darker  tint  until  it  matches  the  lighter,  and 
(.■omjwring  the  respective  volumes,  as  in  the  test  for 
nitrated;  the  n«ult  will  give  the  quantity  of  nitrogen  as 
nitriteri  in  the  water,  and  should  not  be  more  tlian  a  trace. 
The  above  test  is  a  very  delicate  one. 

Schuyten'g  Method} — "  When  5  c.c.  of  a  1  per  cent. 
solutinii  of  antipyrin  in  acetic  acid  (1  :  10)  in  adtled  to  a 
eohition  containing  nitrites,  a  green  color  is  pnjduc«d." 
Measure  45  c.c.  of  the  water  to  be  examined  into  a 
Nessler  tube,  and  in  another  of  equal  calibre  mix  1  cc 
of  the  standard  sodium  nitrite  toUition  (dilute)  with  44 
c.c,  of  di.^illed  and  nitrite-free  water.  To  each  tube  add 
5  CO.  of  the  antipynn  solation.  Allow  to  etand  for  one- 
half  hour  and  compare  as  above. 

"  This  method  will  show  the  presence  of  1  part  of 
nitrogen  as  nitrous  oxide  in  20,000  part.^,  and  while  not 
so  delicate  as  the  other  method,  is  not  hindered  hy  the 
presence  of  any  of  the  nnlinary  con  tami  oat  ions  in  water,"' 

Test  for  Hardness. — Holutiom rerjuirfil :  ].  Soapsolu- 
tion :  dissolve  10  grammei^  of  eastilc  t*oap  In  1  litre  of 
weak  (35  per  cent.)  alcohol.  2,  Standard  lime  Milulion  : 
dissolve  1.11  grammes  of  chemically  pure  calcium  cliln- 
ridc  in  1  litre  of  di.^ti lied  water:  1  c.c.  of  this  dilution 
is  e<]iii\'alent  to  I  ra.g.  of  calcium  rarbonate. 

Procfse. — Ascertain  how  much  soap  solution  ih  required 
to  make  a  standard  lather  with  100  e.c.  of  dixiillul  walcr, 
as  follows :  Place  the  water  in  a  flsiRk  holding  alioiit  2-50 
e.c,  and  run  in  the  soap  solution  fnim  a  bureltv,  ii  few 
drops  at  a  time,  corking  and  shaking  the  flsifk  well  nfl<rr 
each  addition  ;  the  lather  should  have  a  depth  of  at 
■  Berge^'a  Hundbook  of  Prarlical  Hrxi'iw,  p.  9S.  •  IbM. 
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one-fourth  of  an  inch  and  be  permanent  for  not  less  than 
five  minutes.    Then  standardize  the  soap  solution  by  dilut- 
ing 5  C.C.  of  the  standard  lime  solution  to  100  cc*  with  dis- 
tilled water,  and  determine  how  many  cc.  of  the  soap 
solution  are  required  to  make  a  permanent   lather  as 
above  with  it;  this  quantity,  less  the  number  of  cc. 
needed  to  make  a  lather  with  100  cc.  of  distilled  vrater, 
represents  the  amount  of  soap  solution  that  will  neutral- 
ize 5  m.g.  of  calcium  carbonate  or  its  equivalent.     Lastly, 
determine  in  the  same  way  the  number  of  cc.  of  soap 
solution  necessary  to  make  a  permanent  lather  with  100 
cc.  of  the  water  to  be  examined;    again  subtract  the 
quantity  of   soap    solution  requisite  to   make  a   hither 
with  100  cc.  of  distilled  water,  and  ej*timate  the  amount 
of  calcium  carbonate  or   its  equivalent  present,   as   fol- 
lows— c.  y.y    it   takes  2  cc  of  soap  solution   to   make 
a  lather  with   the  distilled  water,  and  12  cc  with  the 
diluted  standanl  lime  solution;  then  12  cc  —  2  cc.  = 
10  cc,  which  is  equivalent  to  5  cc  of  the  standard  lime 
solution,  and  accordingly  each  cc  of  the  soap  solution  is 
ec^uivalent  to  0.5  cc  of  the  standard  lime  solution,  or  to 
0.5  m.g.  of  calcium  carbonate ;  consequently,  if  100  cc.  of 
the  water  examined  require  17  cc  of  soap  solution,  it 
must  ccmtain  (17  —  2)  X  0.5  =  =  7.5  m.g.  of  calcium  car- 
Inmate  or  its  eciuivalent,  or  75  m.g.  to  the  litre. 

Tests  for  Lead,  Copper,  and  Iron.— To  50  or  100  cc 

of  water  in  a  white  porcelain  dish,  or  in  a  tall  glass  jar 
over  white  paper,  add  a  few  drops  of  ammonium  sul- 
pliidc  ;  a  dark  coloration  or  precipitate  indicates  the  pres- 
ence of  oitluT  l<»a<l,  copper,  or  iron,  due  to  formation  of 
their  resjxH^tivo  sulphides.  Tlioii  add  a  few  drops  of 
hydrochloric  acid :  if  the  color  disa]>pears,  iron  only  is 
present ;  if  it  persists,  lead  or  copper  is  present.     In  the 
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latter  case  adtl  a  few  drops  of  acetic  acid  and  abuiit  1  c.c. 
vi  !i  stroiig  HulutioD  of  potassium  cyuuidc :  if  tlie  colcr 
disappears,  it  is  due  to  copper ;  if  it  persist)-,  it  is  diie  to 
lead.  If  lead  only  is  present,  the  above  test  will  detect 
one-tentb  of  a  grain  per  gallon.  The  above  tests  may  be 
corroborated  as  follows :  Partly  fill  two  teat-tiiljes  with 
the  original  water.  To  one  add  a  little  potassium  chmniaf  o 
solution :  an  opacity  aiid  the  deeiiening  uf  the  color  to 
canary  yellow  indicate  lead.  To  the  second  add  a  drop 
of  hydrocMoric  acid  and  a  few  drops  of  jmtassiimi  ferm- 
cyanide  solution :  a  blue  color  indicates  iron,  in  cither  the 
ferrous  or  ferric  form  ;  a  bronze  or  mahogany-red  color 
indicates  copper. 

Quantitative  testa  for  the  above  metals  may  Ix-  niatlc  by 
making  standard  solutions  of  the  respective  elements  or 
some  of  their  salts,  treating  a  measured  quantity  of  the 
original  water  with  the  proper  reagent  as  indicated  almve, 
and  comparing  the  color  produced  with  that  given  by  a 
definite  quantity  of  the  respective  standard  solution. 

Test  for  Phosphates. — SoltUion«  regjih-ah  Ammonium 
molybdatc  :  dissolve  10  grammes  of  molybdic  anhydride 
in  41.7  cc.  of  ammonia  (sp,  gr.  0.96)  and  pour  slowly 
into  125  c.c.  of  nitric  acid  (sp.  gr.  1,20) ;  allow  to  stand 
in  s  warm  place  for  several  days  until  clear. 

Prooess. — Slightly  acidulate  500  c.c.  of  water  with 
nitric  acid,  pvai»rate  to  50  cc,  and  a<ld  a  few  dn>])a  of 
ferric  chloride  and  ammonia  to  slight  excess;  filter,  di»- 
Bolve  the  precipitate  in  the  smallest  possible  quantity  of 
nitric  acid  and  evajKirate  to  5  c.c;  heat  nearly  to  boiling, 
ada  20  cc.  of  ammonium  molybdatc  solution;  keep  the 
solution  warm  for  one-half  hour.  If  there  is  an  appreci- 
able quantity  of  precipitate,  collect  it  on  a  small  weighed 
filter-paper,  wash  with  distilled  water,  dry  at  100°  F. 
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weigh.  The  weight  of  the  precipitate  multiplied  hj  0.05 
gives  the  amount  of  phosphorus  tetroxide  (PO^  in  the 
500  C.C.  of  vrater. 

Test  for  Free  and  Albuminoid  Ammmiia. —  Wcmh- 

lyn'8  Method. — Solutions  required:  1.  Standard  ammo- 
nium chloride  solution :  dissolve  0.382  gramme  of  pure 
dry  ammonium  chloride  in  100  c.c.  of  ammonia-firee  water. 
For  immediate  use  dilute  10  c.c.  of  this  standard  stock 
solution  up  to  100  c.c.  with  ammonia-free  water;  each 
C.C.  of  the  dilute  solution  contains  0.01  m.g.  of  nitro- 
gen as  ammonia.  2.  AlkaUne  potassium  permanganate 
solution  :  dissolve  200  grammes  of  potassium  hydrate  (in 
sticks)  and  8  grammes  of  potassium  permanganate  in  1 
litre  of  distilled  water,  evaporate  to  about  750  c.e.  to 
drive  off  the  ammonia  present,  and  make  up  to  1  litre 
again  with  ammonia-free  water.  To  make  ammonia-free 
water,  add  about  1  grain  of  sodium  carbonate  to  1  litre  of 
distilled  water  and  boil  until  about  one-fourth  is  evapor- 
ated. 3.  Nessler's  reagent:  dissolve  1.5  grammes  of 
potassium  iodide  in  10  c.c.  of  distilled  water  and  1.7 
grammes  of  mercuric  chloride  (HgClj)  in  30  c.c.  of  dis- 
tilled water ;  add  the  mercuric  chloride  solution  to  the 
potassium  iodide  until  a  permanent  precipitate  is  formed, 
and  then  dilute  to  100  c.c.  with  a  20  per  cent,  solution 
of  sodium  liydrato,  add  the  mercuric  chloride  solution  till 
a  permanent  precipitate  again  forms,  and  allow  to  stand 
until  clear ;  this  reagent  gives  a  brown  or  yellowish-brown 
coloration  if  ammonia  be  present  in  water,  and  improves 
on  keeping. 

Proce^is. — Place  in  a  retort  500  c.c.  of  the  water  to 
be  examintnl,  connect  with  a  condenser,  and  lK)il  gently 
so  that  the  water  may  distil  over  slowly.  The  retort 
and  condenser  should  have  been  thoroughly  rinsed  with 
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ia-free  water.  Collect  the  distillate,  50  c.c.  at  a  time, 
in  Nessler  tubes,  add  2  c.c.  of  Neasler'a  reagent  to  each 
50  CO.,  and  determine  the  amount  of  ammonia  or  nitrogen 
in  each  as  follows :  Place  in  another  Nessler  tube  SO  c.c.  of 
ammonia-free  water  and  2  c.c.  of  Xessler's  nsagent,  run 
in  from  a  burette  the  dilute  standard  ammoninm  chloride 
solution  until  the  color  exactly  matches  that  of  the  first  50 
cc,  of  the  distillate.  Repeat  the  process  for  ea<;h  50  ct,  nf 
distillate  until  the  test  showH  no  more  ammonia  in  coming 
over  fnim  the  retort.  The  toial  amount  of  (dilute)  ammo- 
nium chloride  solution  used  indicates  the  total  amount  of 
Dttrt^D  of  the  /ree  ammonia.  Usually  all  the  free  am- 
monia will  come  over  in  the  first  150  or  200  c.c.  of  dis- 
tillate.    Compare  the  colors  by  looking  down  through  the 


.  give  a  pre- 


tubes  on  a  white  surface.  If  the  first  50  c 
dpitate  with  the  Nessler  recent,  it  must  be  diluted  and 
the  amount  of  nitrogen  estimated  from  the  diluted  distil- 
late. The  free  ammonia  being  determined,  allow  the 
retort  to  cool  and  add  to  the  water  remaining  in  it  50 
e.c.  of  the  alkaline  permanganate  solution.  This  converts 
a  certain  proportion  of  the  nitrogenous  oiganio  matter  of 
the  water  into  ammonia;  distil  as  before,  estimating  the 
amount  of  nitnigen  in  each  50  c.c.  of  the  distillate  until 
ammonia  ceases  to  come  over.  The  amount  of  ammo- 
nium chloride  solution  thus  used  will  indicate  the  nitroijen 
of  aibuminol'l  ammoiiia,  and  the  total  amount  of  ammo- 
nium chloride  solution  used  in  the  whole  process  gives  the 
nitrogen  of  the  free  and  albuminoid  ammonia  in  1  litre 
of  water. 

The  importance  and  relative  value  of  the  results  of  the 
foregoing  tests  in  determining  the  purity  or  safety  of  a 
drinking-water,  have  been  given  in  Chapter  V.  on  pages 
210  to  21 3,  inclusive. 


:ps  j 
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Food. 

BDlk. — Good  Milk, — Characteristics:  ivory  white, 
opaque,  neutral  or  slightly  alkaline  reaction,  no  sediment, 
no  unusual  or  offensive  taste  or  odor,  specific  gravity  1029 
or  above ;  cream,  10  to  40  per  cent,  by  volume ;  fets,  3 
per  cent,  or  more ;  total  solids,  1 2.5  per  cent,  or  more. 

Water  is  indicated  by  low  specific  gravity  and  by  low 
percentage  of  cream. 

Skimming  is  indicated  by  a  slightly  raised  specific 
gravity  (2°),  by  a  low  percentage  of  cream,  and  by  a 
poor  color,  though  the  deterioration  in  color  may  be  dis- 
guised by  the  addition  of  annotto,  etc. 

Watering  and  skimming  are  indicated  by  lowered  specific 
gravity,  by  low  jxrcentage  of  cream,  and  by  poor  color. 

The  8i>ecific  gravity  is  determined  by  the  lactometer, 
in  using  which  correction  must  be  made  for  tem}K*rature, 
provided  the  latter  varies  much  from  60°  F.,  tlie  standard. 

The  jKTcentage  of  cream  is  determined  by  the  cream 
gtiuge  or  creamometer ;  the  milk  should  be  allowed  to 
stand  in  the  creamometer  for  at  least  eight  to  ten  hours, 
and  should  be  covered. 

A  very  higli  percentage  of  cream  tends  to  lower  the 
specific  gravity  theoretically ;  but  when  a  milk  is  rich  in 
fat  it  is  also  rich  in  solids  not  fat. 

An  acid  reaction,  unless  very  slight,  indicates  souring 
of  the  milk  or  the  addition  of  some  preserving  acid.  A 
strongly  alkaline  reaction  indicates  the  addition  of  some 
substance  like  chalk,  sodium  carbonate,  etc.,  to  increase 
the  sp(»cific  gravity.  Such  addition  is  verified  by  an  ex- 
cess of  total  solids,  and  by  the  effervescence  of  the  latter 
— after  drying — upon  the  addition  of  a  drop  or  two  of 
hydrochloric  acid. 
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T'l  determine  the  pereeiUage  of  total  so/irfs;  Wfigh  a 
small  evaporating  ilisL,  preferably  plntinuDi,  add  5  Ui  10 
i;.e.  of  milk,  iiud  weigh  dish  and  milk  to  get  weight  of 
milk  ;  evaporate  to  dryness  over  a  water-bath,  eon]j)leting 
the  drying  in  a  water-oven  until  there  is  no  further  loss 
of  weight ;  weigh  dish  aud  contents  (total  solids) ;  sul>- 
ti-act  weight  of  dish,  multiply  by  100,  and  divide  hy 
weight  of  milk.     Result :  tlie  percentage  of  total  silids. 

7b  determine  tJie  jirrcentngr  nj  ath ;  Ignite  the  total 
solids  over  a  naked  flame  until  all  black  specks  Imve 
disap]>eared ;  cool  and  weigh ;  multiply  weight  iif  ash  hy 
100,  and  divide  by  weight  of  milk.  Result:  percentage 
of  ash. 

To  determine  the  percentage  o/  Jain :  Pnjcecd  as  abtive 
with  10  c.c.  of  milk,  and  evaporate  until  the  residue  is  a 
tenacious  pulp,  extinguiali  the  flame,  fill  the  dish  half- 
full  of  ether,  stir  aud  triturate  the  residue  thoroughly  with 
a  gloss  rod,  decant  the  ether  and  filter  it  through  a  small 
filter-paper,  reserving  the  filtrate;  add  more  ether  to  the 
residue,  stir  and  triturate  as  before,  and  filter,  re|>eating 
the  process  three  times  or  till  the  residue  is  pcrfeetly 
white;  wash  the  filter-paper  well  with  ether,  collect  the 
latter  and  add  to  the  preceding  filtrate ;  evaporate  the 
ether  filtrate  until  only  the  fat  remains  and  its  weight  is 
constant;  weigh  the  fat,  ranltiply  by  100,  and  divide  by 
the  weight  of  the  milk,     Kesult;  perrentage  of  fat, 

This  meth(Mt  when  carefully  performed  is  said  to  be 
fully  as  accurate  as  the  extraction  (S<jxhlet)  metlnxl,  and 
does  not  require  the  more  expensive  apparatus  of  the 
latter.  If  the  residue  from  wliieh  the  fat  has  been  ex- 
hausted is  carefully  dried  on  a  watei^batb  at  100°  C. 
until  there  is  no  further  loss  by  evaporation,  its  weight 
will  be  that  of  the  "  solids  not  fat "  of  the  milk. 
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OntrifiiXfiil  method :  Where  a  centrifuge  Ls  avsUa 
use,  Ibe  following  methtxl  for  tlie  fat-deten 


iliitmlnLiiH  iwrernUgi'  of  hi  by  m 


be  found   to  give  results  ttmt  arp  probably  i 
witbiu  0.2  jx-r  cent,  of  fiit : 

Two  Kilulions  are  necessary :    1 .   Fusel  ml,  3fl 
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wood  or  methyl  alcohol,  13  c.c. ;  hydrochloric  acid,  50 
c.e,     2.  Sulphuric  acid,  sp.  gr.  1.83. 

Into  the  milk  bottle,  which  is  made  to  fit  the  centrifuge 
and  wliich  has  a  long  graduated  ueck,  5  c.c.  of  the  milk 
to  be  examined  are  introduced  by  means  of  a  pipette,  and 
to  tlii:j  1  c.c.  of  the  alcohol  Molntion  (I)  is  added  aud  the 
mixture  well  ehaken  by  hand.  The  sulphuric  acid  is  then 
added,  little  by  little,  with  frequent  shaking,  until  the 
bottle  is  filled  to  the  topmost  (zero)  graduation.  It  is 
then  rapidly  whirled  in  the  centrifuge  until  only  the  fat 
occupies  the  neck  as  a  clear  layer,  when  the  actual  per- 
centage can  be  read  from  the  graduntionw.  When  tlie 
milk  is  very  rich — )'.  e.,  containing  more  than  5  per  cent, 
of  fat — it  will  be  necessary  to  dilute  the  milk  with  an 
equal  volume  of  water,  and  then  to  multiply  the  result 
by  2.  Likewise,  cream  should  be  diluted  with  4  parte 
of  neater  and  the  result  multiplied  by  5.  The  same  prin- 
ciple is  employed  in  the  Babcock  and  other  cream-testers 
now  lately  usetl  by  dairymen,  etc. 

Tlie  extmefion  inriliml :^  "About  10  grammes  of  milk 
are  carefully  weighed  in  a  glass  or  porcelain  capsule  and 
mixed  with  about  10  grammes  of  freshly  ignited  sand, 
pumice-stone,  or  asbestos,  and  evaporated  to  dryness  on  a 
water-bath.  The  diah  with  its  contents  is  then  finely 
pulverized  and  transferred  to  a  Soxhlet  extraction  appa- 
ratus and  the  fat  extracted  with  ether  for  at  least  five 
hours.  The  ether  extract  of  the  fat  is  then  evaporate*!  to 
dryness  on  a  water-bath  and  the  residue  dried  to  constant 
weight  (at  100°  C)  and  weighed.  The  increased  weight 
of  the  flask  (of  the  Soxhlet  apparatus)  will  represent  the 
fat  in  the  10  grammes  of  milk," 

A  Soxhlet  apparatus  is  so  constructed  that  a  quantity 
'  Bergpy'g  HKudbook  of  Practical  Uj-giuite.  p.  ISfl. 
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of  ether  is  repeatedly  evaporated  and  condensed  in  it 
without  lo8S^  the  condensed  ether  being  made  to  percolate 
through  substauces  placed  in  the  upper  pari  of  die  appa- 
ratus and  to  extract  therefrom  soluble  matters,  such  as  fat, 
which  are  collected  in  a  small  flask  below,  and  from 
which  the  ether  can  finally  be  evaporated. 

Ted  for  annotto :  A  percentage  of  cream  considerably 
lower  than  the  color  of  the  milk  would  indicate  justifies 
the  suspicion  that  some  coloring-matter  has  been  used. 
This  is  frequently  annotto. 

Coagulate  one  ounce  of  milk  with  a  few  drops  of  acetic 
acid  and  heat;  strain,  and  press  out  the  excess  of  liquid 
from  the  curd ;  triturate  the  curd  in  a  mortar  or  dish  with 
ether,  decant  the  ether  and  add  to  it  10  c.c.  of  a  1  per  cent, 
sohition  of  caustic  soda;  shake,  and  allow  to  separate; 
p)ur  off  the  upper  layer  into  a  porcelain  dish,  put  in  two 
small  disks  or  strips  of  filter-paper ;  evaporate  gently : 
annotto  will  dye  the  disks  an  orange  or  buff  color. 
Moisten  one  disk  with  dilute  solution  of  sodium  carbonate 
to  fix  the  color ;  touch  the  other  disk  with  a  drop  of  stan- 
nous chloride  :  annotto  will  give  a  rich  pink  color.  This 
test  is  sensitive  to  1  part  of  annotto  in  1000  of  milk,  and 
with  milk  in  anv  condition. 

Test  for  boric  acid:  Upon  igniting  the  total  solids, 
boric  acid  or  boron  gives  a  greenish  tinge  to  flame. 
Place  in  a  ix)rcclain  dish  5  c.c.  of  milk,  1  drop  of 
stronii:  hydrochloric  acid,  and  2  drops  of  a  saturated 
tincture  of  turmeric.  Dry  on  a  water-bath,  remove  as 
soon  as  dry ;  cool,  and  add  1  drop  of  ammonia  on  a 
trlass  Tiwl.  A  slaty-blue  color,  changing  to  green,  is  given 
if  lK)rax  is  present.  This  test  will  show  yijV?7  g™n  of 
lH)nix.  Ix'ss  will  give  the  green  color,  but  not  the 
blue. 
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Teat  for  na/lcylic  add  and  naiicyUites  (Bergey) :  Dilute 
the  milk  (100  c.c.)  with  an  equal  bulk  of  distilled  water 
at  60°  C ;  pret^lpitate  with  8  drops  of  acetic  acid  and  8 
drops  of  a  solution  of  mercuric  oxide  Id  iiitriu  acid ;  shake 
uiid  filter,  To  the  filtrate  add  50  cc.  of  ether,  which 
tJikes  up  the  salicylic  acid ;  decant,  and  filter  the  super- 
natant ether.  Evaporate  this  filtrate  nearly  to  dryness, 
and  add  a  few  drops  of  highly  diluted  neutral  ferric 
chloride.  A  violet  color  indicates  the  presence  of 
salicylic  acid,  the  depth  of  color  iDcrcashig  with  the 
amount. 

To  test  for  salicylic  acid  in  butter,  it  is  first  treated 
with  fitxlium  carbtinate  anti  the  liomc^ncous  mixture 
acidulated  with  sulphuric  acid,  and  then  shaken  with  a 
mixture  of  equal  parts  of  ether  and  petroleum  ether,  after 
which  the  supeniataut  ether  is  filtered  off  and  treated  as 
above. 

Te»i  frtr  forvialdfhifde  (Bei^y) :  Add  an  equal  volume 
nf  water  to  the  milk  or  butter  to  be  tested,  place  in  a  flask 
oil  a  steam-bath  and  distil  over  about  one-fourth  the  total 
volume.  Treat  10  cc.  of  the  distillate  with  2  drops 
of  aromoniacal  silver  solution  (made  by  dissolving  1 
gramme  of  silver  nitrate  in  30  cc.  of  distilled  water 
and  adding  ammonia  until  the  precipitate  that  first  ap- 
pears is  redissolved,  then  diluting  to  50  c.c  with 
water).  If  formahlehyde  is  present,  it  causes  a  black 
nlond  in  the  distillate  after  standing  for  several  hours  in 
the  dark, 

Harrington  gives  the  following  test  among  others :  "  Mix 
in  a  porcelain  dish  10  cc.  each  of  milk  and  hydrochloric 
acid  (sp.  gr.  1.2)  and  1  drop  of  ferric  chloride  solution, 
Heat  and  stir  vigorously.  If  formalin  ha.s  been  addt-d,  a, 
violet  color  will  appear  befiire  the  boiling-point  has  Iteat 
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leadied,  varying  in  iiitenbity  aiTwi-dint;;  ti>  tlif  amount 
pnemt  This  proooss  is  exoeediDgly  ddioate  and  will 
detect  1  part  in  500,000  io  the  freab  omditioiL" ' 

Aoooiding  to  Hehner,  "  no  fonnalddiyde  mold  be  de- 
tected at  the  end  of  a  week  in  a  sample  (of  milk)  to  which 
bad  been  added  1  part  in  100,000;  after  two  weeks  none 
oould  be  detected  in  a  BBm[de  of  1  part  in  60,000 ;  and 
after  three  weeks  ooly  a  iunt  trace  ooold  be  detected  in  a 
Bampte  of  1  part  in  26,000."  * 

Butter  and  Oleomargarine.— Pare  butter  should  have 
good  taste,  odor,  and  oobr ;  it  ahould  not  be  rancid,  and 
shootd  not  oontaia  too  much  water  or  salt,  nor  should  it 
have  any  added  coloring-matter.  The  average  comjxisi- 
tion  should  be  about  as  follows :  fet,  82  per  cent. ;  casein, 
2  per  cent,  (not  over  3  per  cent.) ;  ash  or  salts,  2  per 
cent. ;  water,  13  per  cent.  Butter  fat  ia  a  compound  of 
glycerin  with  certain  fatty  acids,  some  of  them  volatile 
and  soluble  in  hot  water,  others  non-volatile  and  insoluble 
in  hot  water.  » 

Oleomargarine  consists  of  ordinary  animal  or  v^etable 
fats,  melted,  strained,  cooled  with  ice,  worked  up  with 
milk,  colored,  and  salted.  The  fats  are  usually  beef  or 
mutton  fat,  lard,  or  cotton-seed,  palm,  or  cocoanut  oil.  If 
care  and  cleanliness  are  observed  in  the  manufacture,  oleo- 
ma[^;arine  is  not  harmful  or  innutritious, but  it  should  not 
be  .sold  as  butter. 

Fraud  is  to  be  detected  by  olwerving  the  differ- 
ence in  composition  and  properties  of  the  Jais,  For 
iuKtance : 

'  For  othfr  testa  for  formal d eh j-ae,  seo  HairirKton,  pp.  106,  109,  •nd 

Lem»Hnn  and  Bcvan'a  Food  Analj-ais,  pp.  S30-3S2. 
.     '  LrffniAiin  and  Sevan,  loc.  cit. 
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BUTTBS  Fat. 

1.  The  sptciflc  gravity  [h  very 
rarely  below  BIO,  neVHr  below  90!I.H. 

S.  Tho  soIuIiIf,  volatile  fatty 
acMs  average  between  6  kdiI  7  per 
cent.,  never  bt'low  i.R  per  tent. 

3.  Th«  iii«iiluble  bttjaeldBronu 
Bb<nit   BB  per  ceut.   of    the    total 


1.  GcDcmlly  about  95  pur  cent. 


volKht  of  hi 


1.  The 


«  from  1^  t< 


TfBt. 

id  ting-point  of  the  fat 


°  F. ;  Is  ui 


6.  The  ccmtoiire  of  tbc 

.small  oil 

globulefl  »re  loss  d>«liQi.-l 

.  HU<1  the 

Inrger  oue«  are  more  num 

i^roiuttUd 

irreftnlar  insixe. 

7.  Crystulfl  of   the  no 

ally  from  SB"  to  »0°  P. 

5.  IsnsdilyandiHimplctvly solu- 
ble in  ether. 

S.  Under  the  mieroseope  pure 
butter  ^t  condfltH  of  a  collectloo 
of  small  oil  globulea,  with  an  oo- 
cuionsl  laree  one. 

T.  No  crystals,  except  when  the 
tax  has  been  melted.  acids  are  often  sveu. 

To  dderminf  i/ie  gpfcijic  gntvUy  of  butlrr  fat :  Melt 
a  quantity  of  the  butter  in  a  beaker  in  a  water-lwth  at 
about  150°  F.  When  the  fat  ih  perfectly  dear  anti  trans- 
parent, carefully  decant  the  fat  from  the  lower  i^tratum 
of  wator,  curd,  and  salt  into  a  fine  tiller;  eniWt  the 
filtrate  and  pour  into  a  specitic  gnivity  Ixittle,  which  li:is 
been  previously  weighed,  lioth  when  empty  and  when 
filled  with  distilled  water  at  100°  F.  See  that  the  bottle 
18  exactly  full  of  Ihe  fat,  wipe  clean,  and  weigh  when  the 
temperature  is  as  near  100°  F,  as  i»oBaible,  betaiise  Holidi- 
fication  soon  logins  below  this  temperature.  Subtract  the 
weight  of  the  bottle,  divide  by  the  weight  of  the  water 
which  tlie  Iwittle  contains,  and  multiply  by  1000;  the 
result  ie  the  specific  gravity. 

To  find  Ihe  mclllwj-pmiii :  Pour  a  little  melti'd  fat  into 
a  small  li«t-tube  (2"  X  J")  and  cool.  Partly  fill  two 
I>eakers  of  unequal  size  with  cold  water;  place  the  test- 
tube  in  the  smaller  (taking  care  to  alhiw  nu  water  to  mi 
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with  tlie  fat),  nnd  the  smaller  in  the  lai^r,  aud  gently 
beat  thif  outer  beaker.  Suspend  a  therniomelt^'r  in  the 
emaller,  near  the  t«st-tuhe,  aud  uote  the  teoipemture  when 
tlie  l^t  begins  to  melt ;  this  is  the  melting-poiiit. 

To  ddeimine  the  percentage  of  insoluble  {non-volaiik) 
fatty  acids:  To  6  grammes  of  butter  fut  add  60  o.c.  of 
alcohol  containing  2  gramnieij  of  caustic  potash  (KHO) 
and  Imil  gently  ior  fitieen  or  twenty  minutes  to  saixuiify 
the  fat.  DiMSdIvL-  the  «iaps  thus  fnrnicd  in  150  to  200 
C.C.  of  water,  and  deoompoBG  with  about  26  c.c.  of  dilute 
bydroohlorio  acid.  The  separated  &.tty  acids  are  poured 
upon  a  weighed  filter-paper,  washed  with  2  litres  of 
boiling  water,  dried  at  96°  to  98°  C.  and  then  weighed. 
The  weiglit  of  these  insoluble  fatty  acids  should  not  be 
over  90  per  cent,  of  the  weight  of  tlie  butter  fat. 

Flour  and  Bread. —  \Vkmi  Flour. — Characteristics; 
almost  perfectly  white,  smooth  and  free  from  grit ;  no 
mouldy  or  unpleasant  odor;  cohesive  when  lightly  com- 
pressed ;  no  signs  of  parasites  under  the  microscope ;  water 
less  than  18  {H>r  cent.;  ash  less  than  2  per  cent. 

"The  niller  process  yields  a  slightly  rough  flour,  and 
the  hard  winter  wheat  may  give  a  yellowish  tinge.  Grood 
flour  is  slightly  acid  to  test-paper,  but  not  to  the  taste,  and 
an  acidity  that  may  be  recc^ized  by  the  senses  means  a 
change.  Acid  flour  means  sour  bread,  and  any  disagree- 
able taste  or  odor  indicates  bad  flour.  When  boiling 
water  is  poured  on  a  little  flour,  there  should  arise  no 
odor  but  that  of  freshly  ground  wheat."' 

To  'lefeiiYiine  ihe  percentage  of  watfr  and  anh  i  In  a 
weighed  platinum  (or  porcelain)  dish  place  about  50 
grammes  of  flour,  weigh,  and  dry  over  a  water-bath  for 
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an  hour  or  so ;  tlien  complete  the  evaporation  in  a  water- 
oven  until  there  ia  no  further  lose  of  weight ;  weigh,  sub- 
tract this  weigiit,  less  the  weight  of  the  dish,  from  the 
original  weight  of  the  flour.  Multiply  the  remainder  by 
100  and  divide  by  the  original  weight  nf  the  flour.  The 
result  is  the  percentage  of  water.  Then  ignite  the  dried 
flour  in  the  dish  and  incinerate  till  there  arc  no  longer 
any  black  particles  and  only  the  ash  remains ;  cool,  weigh, 
subtract  weight  of  dish,  midtiply  the  remainder  by  100, 
and  divide  by  the  original  weight  of  the  flour.  The 
result  is  the  percentage  of  ash. 

To  determine  the  pereenfage  of  gluU-n  :  By  means  of  a 
glass  rod  mix  a  weighed  quantity  of  flour  with  a  Utile  dis- 
tilled water  into  a  stiff  dough  ;  then  rcpi"dletlly  wash  away 
the  starch  and  soluble  constituents,  kneading  the  dough 
with  the  rod  or  Angers,  and  continuing  until  tlic  wash- 
water  comes  away  clear ;  the  gluten  and  a  small  amount 
of  fat  and  salt  remain.  Spread  on  a  weighed  dish  or 
crncible  lid,  dry  in  a  water-oven,  and  weigh  ;  multiply  by 
100  and  divide  by  the  original  weight  of  the  flour.  The 
result  is  the  approximate  percentage  of  gluten.  The  gluten 
should  pull  out  into  long  threads ;  otherwise,  it  is  poor. 

"  The  relative  strength  and  elasticity  of  the  gluten,  which 
are  determined  ci^mparatively  by  manipulating  a  small 
quantity  of  flour  intimately  mixed  with  half  its  weight 
of  water,  make  a  standard  for  comparison.  This  is  known 
as  the  dough-teat,  and  its  failure  shows  weak  flour,  from 
poor  whent  or  imperfect  milling  and  defective  gluten."' 

An  excess  of  water  impairs  the  keeping  qualily  and 

lessens  the  amount  of  nutriment  in  the  flour.     An  excess 

of  ash  indicates  the  addition  of  mineral  substances.     A 

deficiency  of  gluten  may  also  indicate  thai  thi 

'  Colonel  A.  A.  Woodhnll,  M,  D..  I'k.  Ht. 
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not  pure  wheat  flour.     Parasites  and  fungi  are  esperialiy 
likely  tij  be  fouud  iu  old,  danij),  nr  inferior  flour. 

To  led  /or  viineial  aubxlancen :  Shake  a  little  fidur  in  a 
test-tube  with  some  fhloroform,  aod  allow  it  to  stuud  for 
a  few  inluutcs.  The  flour  fliKits  and  any  mineral  matter 
Minks  to  the  liottom,  when  it  can  be  removed  with  a 
l»ipette  and  examined  under  a  microscope. 

W/ifal  Bread. — Characteristics :  fairly  dry,  light,  and 
ejKiugy  ;  clean  and  nearly  white  ;  of  pleasant  ta.ste  ;  m>i 
sodden,  acid,  or  musty ;  ash  not  over  3  jxr  «'nt,;  no  iKira- 
sites  ur  mouldiness  ;  no  flour  other  tlmn  wheat ;  but  little, 
if  any,  alum  ;  no  copper  sulphate. 

Test  Jot  alum  :  Add  5  I'.e.  of  a  6  per  cent,  tirictuiv  of 
logwood  and  5  c.e.  of  a  15  ]>er  cent,  solution  of  nmnioniimi 
earlwnate  to  25  c.c.  of  water;  eoak  a  erunib  of  the  brrad 
iu  this  for  a  few  minutes;  drain  and  ^ntly  dry  ;  alum 
is  indicated  by  a  violet  or  lavender  color;  its  absence  bv 
a  dirty-brown  color  on  drying. 

TM  for  copper  n>Uphiitf :   Draw  a  glass   nxl   that  haa 
itwa  dipped  in  a  solution  of  potassium  ferroryanidc 
a  cut  t^liee  of  the  broad  :  u)pper  is  indicate<l  by  a  bivi 
ish-red  streak. 

Test  for  ergot  in  Jtonr  nr  hrenrl  i  Add  liquor  potns»e  ; 
a  distinct  herring-like  odor  (due  to  prupylamioe)  is  appre- 
ciable if  ergot  be  present. 

An  excess  of  water,  an  unnatural  whiteness,  and  a  low 
percentage  of  ash  in  bread  Indicate  the  addition  of  rice. 
Potatoes  give  an  increased  porct-nlage  of  water  and 
alkaline  ash. 

For  further  teste  and  details  in  wnrli  pertaining  to  a  laboraloiy  fl 
lifKiens  thu  r"*d<'T  ia  refurred  tn  Fox's  Emiuinalluii  at  Food.  Atr,  ■ 
WHlrr;  Kouwnod'a  H.VKintilu  Laboratory  ;  Borgey'n  HandbwA  of  F 
tical  Hygieue ;   UarrioKt^u'  a  Practiinl  Hygii'iii: :  i 
Bevau'a  Food  Aiialyda. 


has 
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^^^■~^ 

^^H 

f        \  BSORPTION  of  foods,  226 
■        A     Apceseory  f.xxis,  SIS 

Antitoxins,  58                                        ^^^| 

Dicthods  of  preparing,  63                  ^^^| 

ataliitiai  of  one  of,  65                         ^^H 

AuJlylene  giw,  85 

Adultpranw  nnd  preiwrvaUves,  256 

Ibeory  of,  .58                                        ^H 

Apparatus  for  lighting,  S3                     ^H 

Air.  62 

bocteri*  in,  73 

Aqueous  vapore,  71,  78                           ^^M 

collection  of  bacteria  in,  43ti 

Xna.  dnLined  by  wells,  159-lf»              ^^H 

ArRon,  70                                                  ^H 

locity  of,  11 

Army   mediiToJ   oRicciB,  duties  of,        ^^H 

418                                                     ^H 

L           dueaaes  caused  bv  impure,  89 

rations,  410                                           ^H 

1         diHtribution  of,  li2 

ArtcBian-water,  148.  160                          ^H 

I            filtration  of,  107 

purification  by  flre,  101 

Ashes,  363                                         ^^M 

Afipiraiion,  110                                       ^^^1 

Air-propeller,  120 

Atavism,  275                                           ^H 

AiMUpply,  condiiiu  for,  107 

niurce  of,  IU7,  135 

conpoaitior.  of,  68                              ^^1 

Alcohol,  262 

impurities  in,  73                                ^^1 

of  [ninffl,89                                        ^^H 

don,  263-2ftS 

of  ships,  8!1                                         ^H 

relation  of,  to  food.  262 

weight  of,  68                                       ^H 

Alexins,  68 

Alum  !q  breiul,  lest  for,  460 

of,  102                                               ^H 

UN  of,  in  purifying  watCT,  179, 

index  of,  102                                    ^H 

184,103 

Aiilogenelic  disenses,  caui^tt  of,  31          ^^H 

Amnionio,  "  albuminoid,"  in  «fBl«r, 

aiO,  449 

DACILLI,  3!) 

D     Backiis  heater,  120 

"  free,"  in  water,  210,  448 

Bacteria  as  an  index  of  purity  of 

AmrlopMn,  action  of,  225 

filtered  water,  192 
alypiral  forms  of,  39 

water,  180 

classification  of,  39 

collection  of.  in  air,  436 

1         Annotto,  t^t  for,  in  milk,  454 

definition  of.  35                                ^^H 

djfTerentiation  of,  46,  46                ^^^^M 

discoTeiy  of,  36                              ^^^^^H 

L'      ^  ^M 

reqiiiremenWof,  37 

BBpruphytio,  48 
BiiL'ierial  pxuiiiinuliun  of  air,  436 

,.f  waltT,  2()7 
Ba.'LtriuUiK)',  -'J 
nnrnt'ks,(iiiiM.ructionmiid  amintte- 

meiil  i>f,  404 
Batliiiig,  284 

rules  for,  285 


(^ni|>-hmipitals,  401.  4t&  ^^H 

(.'uinps  of  detention,  Ctoti  ^^^^| 

dbeaxcB  uf,  400  ^^H 

diHpnal  or  excrvla  in,  414  ^^^| 

luoatiun  of,  402  ^^^1 

of  probadon,  358  ^^^| 

uf  refiwe,  358  ^^H 

tvuboiiT fever  in.  4UA-lta  ^^^ 


ter-fiupply  of,  410 
C&rbohjdnites,  rimL-ti»nM  irf,  23t 

giiun»<  nf,  2;i0 
Caibiilic  wad  as  a  disinferlaiM.. 
CarboD  dioxide,  70 

eaet-W  of,  75 

excretion  of;  7G.  2 

in  beverages,  307 

in  auil-oir,  87 

iMiiganIng  bv,  95 


Ballut,  cold,  284 

Russian,  287 

Turkiah,  287 

wHrm, 287 
Beans,  nutritive  value  of,  255 
Bedding,  disinfection  of,  ^I 
Beef,  246 

Beef-fat,  cbaracteriaiics  of,  456 
Beef-tea  aa  n  alimDlanl,  260 

irhole,  recipe  for,  251 
Berkfeldt  filter,  the,  198 
Beverages,  2r>5 

carbmi  dioiide  in,  2fl7  . .  ^  . 

snnitarx  precautions  conwming, !  Ceniils,  the,  251 

2ftS  I  CempoiiLs  dangers  nf,  3S6 

Bichloride  of  mercury  aa  a  diuo-        -  ■   ■    -■        -  " 

fivlant,  327 
Bile,  actioTi  of  the,  224,  223 
Boric  acid,  test  for,  in  milk,  454 
Bread,  253 

teffi  for  alum  in,  4flO 

for  copper  anlphate  in,  460 
for  ergot  in,  460 
Broiling,  250 
Broths,  240 

Buchner,  hnmonil  theory  of,  58 
Bittier,  244 

examination  of,  45,'^ 
Hulterfat,  chnracleiiatjaj of,  456 
lluitenailk.  2MII 


M 


poisoning  bv, 

Petlenkofer  s 

testa  for.  437 
monoxide  from  stuvsB,  127  1 

poisoning  by,  Sti 
proportion  of,  to  nitrogen  in  diet. 

•«8 
Carbouic    acid.      See    t'^trixm    di- 

Care  of  «chool-houBea.  310 
Carpels,  et»:.,  diainfection  "f,  341 
Cen^u^  tlie,  424 

reports,  V.  S..  staliKli»<  fima- « 
Cenids,  the,  251  ^^H 

CempmiLs  dangers  nf,  3S6  ^^^H 

di»<ii>feclion  of,  366  ^^M 

Ok-ck',  243  ^^M 

CliL'tnical  dtsinfcclanta,  326        ^^^H 

treatment  of  sewage,  SOS        ^^^| 

of  water,  178  ^^H 

Cliloride  of  tine,  329  ^^H 

diloHdea  in  waler,  lot  Air,  ii^^^M 

Chlorinated  lime,  326  ^^^H 

Hoda,  326  ^^B 

Chlorine,  330  ]^^H 

or  chlorides  in  sster,  210,  441^^1 

t«n  for  441  ^^" 


Chloride  of  tine,  320 
diloHdea  in  waler,  U 
Chlorinated  lime,  326 

)«da,  326 
Chlorine,  330 

or  chlorides  in  vster,  210, 

l«t  for,  441 

I  Cisterns  for  rain-irater,  150 

I  Clark's  procw*  for  pnrifyid^ 


Cloak-moms  in  whool-houaea. 
Closets,  earth-,  367 

pnil-.  366 


a 


ClothiDg,  28S 

ailvanrages  of  woollen,  2Sd 

c(jn»ejance  of  infection  by,  2B3 

diidnfwtiun  of,  340,  341 

inHuence  of,  upon  health,  2t}2 

muttiriab  used  for,  388 

uT  aoIdiffiB,  412-414 

purpose  of,  288 

reUtire  abaorption  of   heat  by, ' 
293  I 

sophistieation  of,  291  i 

te«tii  for  maleriulH  for,  291 
Coal,  pruductB  <il  coinbiution  of,  81 
Coul-gas,  compoaitioo  uf,  97 

poisoning  by,  0T 

product!  of  conibuRtion  of,  81, 82 
Coffee,  260 

Cold  bsths,  eflwts  of,  2B5 
Colony,  a  Wteriol,  42 
Columbia  Gltenv,  200 
Combustion  proilurts,  81 

influence  upon  hndth  of,  96 
Bpecific  i^ravily  of,  83 
Commnitive  monslily  figiire,  432 
Condenaed  ralionn,  411 
Congenital  diseaseii,  275 
ConranguiDeouH    marriageB,  objet'- 

llon*  to,  277 
Coni4mction  anil  care  of  wellii,  102 

of  nchooVhoiises,  307 
Contagion,  nnture  of,  Al 
Conlagioiw  dineasca.   definition  of, 
31 
in  BchnoLi,  312-316 
Contamination  of  atmi«pbere,  ex- 
tent of,  102 
ronvected  iieal,  124 
Cookinit,  oliject  of,  226,  24B 

of  st^etablea,  238 

thuroufEhnusK  of,  226,  24» 
Copper  sulphate,  test  for,  in  bread. 


Crevlin,  329 
"C'rowd  poLson,"  80 

effects  of,  D3 
Cubic  s^ace  in  veniiUiion,  lOli 
Culture-media,  preparation  of,  44 

reHi'lioo  of,  40 

lenipcniluru  of,  40 


DEATH-CERTIFICATE,  all 
ard,  429 
Deatli-ntl4>K,  428,  432 

daily  or  weekly,  430 

of  cities,  430 

showing  sanitary  gain,  23 

standard,  432 

symotic,  430 
Deep  wowr.  148,  160 

wellit,  160 
Deodonint«,  318 
Detention  al  jmrla  of  enlry,  34f 

ounps  of,  358 

perio<l    of,   in   quaranline,   348, 
355,356 
Devieed  for  ventilation,  113 
Dietetic  rules,  227 
Dielelicts  218 

KHtbetic  factors  in,  218 
Differentiation  of  bacteria,  45 
DiBiiBion,  108 

law  of,  69 

rate  of,  108 
Digestion,  bydrolywB  in,  220 
■      "  '        of,  219 
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Cotton  in  clothing,  290 
Cowls,  ventilating,  109,  110 
"Ownpe,"  cause  of,  when  bathing, 

286 
Cttun,  digestibility  of,  239 


physiology  ol 

the  gBKtnc,  2^ 

the  intestinal,  224,  225 

the  islivary,  221 
Diphtheria   antitoxin,  met 

preparing,  63 
Direct  radiation,  139 
Kntl-indirecl  radiation,  It 
DineaMa  affec-ting  animals  i 
food,  247 

elaanfication  of,  31 

congenital,  276 

definitions  of,  29.  30 
and  cauHea  of 

due  to  impure 
to  impure  drink ing-wa I 


■  to  impure  air,  89  ^^^m 

a  impure  drinking-water,  167-  ^^^^k 

a  respiratory  vitiation,  93      ^^^^^H 


I,      Diseweu,  incubalion-periods  of,  313, '  Duties  of  a 


infet'tioiig,  in  bcIuhiLi,  312-316 

inheiiled,  27-1 
■Delhoda  of  ixunbaling,  275 

Ktud;  of,  420 

UsTutriiinible  by  lieredity.  276 
DUinleoUiit,  detiiiidon  of  a,  317 
Diiiinfet'lanlB,  chemical,  326 

cointHintive  table  of,  33B 

phvc'nlogical,  321 

therninl,  321 
Diain feeling  apraraliiH,  Ht«am,  323 
DuuiitectioD,  3^  317 

by  dry  heat,  325 

by  lire,  321 

1^  fnnualdebyde,  333 

by  hoi  water,  324 

by  alenra,  321 

effiiaity  of,  319 

evidence  as  to,  320 

final,  of  rooms,  341 

in  thi^  Nick-nxim,  3t0 

of  bedding,  341 

of  cnrpels,  etc.,  341 

of  i«B»pools,  366 

of  clothing,  340,  341 

of  excreta,  328-330 

of  infeclioiu)  ctises,  330 

of  Bchool-hoiues,  308,  313 

ofpipores,  320 

iif  reHAclH  in  quumntine,  353,  354 

pereonal,  340 

Si^herinK's  method  of,  334 

thoroiighnemof,  319 

Tn'llal's  method  of,  334 
Disinfoclor,  duties  of  a,  318 
Distil  lotion  of  drinking-irater,  193 
Dixtribation  of  air,  112 
DiitniKtic   purification    nf    wat«r, 

192 
DrinkinK-vntter,  diMiltatinn  of,  193 

eiamination  of,  2ft.i 

inreciion  by,  164 

neremily  for  boiling.  200 
Dripaafes,  379 

Dry  beat,  diainfeciion  by,  325 
Duration  of  life,  tii         '"'" 
probable,  433 

of  school-work,  300 
I  DuRt,  influence  of,  in  i 


Duly  of  pliysiciaos,  2 

EABTII-C'LOSETS,  367 
EcoQoniv  in  heutinf;,  134 
Eggti,  value  of,  an  n  r<»d.  244 
luirUcb'x  lateral  chain  tli«>ry,  ( 
Elector  afw^rage  By«t«ni,  365 
Sjivironmicnl,  iuduenoe  at,  33 
on   predtHpoenl     conMilutlt 

Enaymcc,  actiun  of  Uie,  219 

clWraiiLeristics  of  the,  22U 

of  v^etable  origin,  237 

the  digestive,  219 
Estimation  of    raiUating   i 

142 
Examination  of  air, 

of  butter.  455 

of  drinking-water.  2a5,  441 

of  flour,  458 

off<Hid,450 

of  milk.  450 
Eicrota,  dimnfection 

disiMwal  of.  in  isrn[i8,  414 
Exercise,  378 


eSn^t   upon   bnun  (lev«lui 
282 
upon  digntive  rilncninos.  Z 
upon  excretion,  280 
upon   hfert    and    drculatk 

281 
upon  heal-nroduclion,  281 
upon  musclee,  279 
upon   respitntorv  oi 
functionn,  279' 
importance  of.  278 
Exhaust  Hyutern,  121 
Exlmiiftion  theory  of  Pastettr,  S 
Expectant    attrotion,    danger   ■ 


FACTORS  of  ventiUtioD,  li 
Funs,  venlilnting,  119,  1 
Farr,  Dr.  Wm.,  20 


iligCKtibility  of,  232,  2M 

fimttioiu  of,  232 

properties  of  buuer-  and  beef-. 


45G 

melling  point  of  butter-,  4-'iT 
Fattj  acids,  lu  delenome  inwiliible 

or  noti-roktile,  457 
FUl»r4)ed^  plan  of,  182 
Filten,  actlfni  of  Btu>d-,  182 
cleaning  afiiand-,  Itil 
■MOHtruction  of  mnd-,  185 
functions  of  Bedioient  bjer  in, 

183 
house-,  196 

niRleriBl  lumA  in  sand-,  1S7 
Filtration,  181 


I 


of  aewuge,  392 
rate  of.  111  I 

restilation  of,  185,  190 
Fire,  disinfection  hv,  321 
Fisli,  247 
Fixtures,  location  of  himse-,  373 

lrap«  nf  hnuse-,  373 
Fli™  BH  carriers  of  infection,  407 
Floor«pBC«  in  ventilation,  100 
Flour,    chataderigtics    of   wl>e*t-, 
457 
test  for  mineraln  in.  Vi9 
to  determine  the  »sh  in  458 
the  gluten  it 


the  w 


1,  4S8 


FltifK,  hot-flir,  Biie  of,  138  I 

Flush  lank,  Field'K  niphon,  389  i 

Food,  214  I 

healili,  228  I 


functiom  of,  211,  217 
oflhesnldier,  410,  412 
Pood-principles,    classification    of, 
215 
properties  of,  217 


Food-relationship  in  diet,  228 
Food-«altH,  function  ut,  234 

sources  of,  235 
FoodK,  absorption  of,  225 

iicceJiory,  235 

udullcruuon  uf,  256 

relative  value  of,  258 

use  of  praservatives  in,  256 
Forbes  sterilizer,  the,  193 

advantages  of,  XV.^ 
Forces  of  ventilHticm,  108 
Furnialdehvde,  332 

as  a  deodorant,  33S 

ilisiufectinn  hy,  333 

methods  uf  using,  333 

production  from  metbjtl  alcohol, 
335 

regenerators  for  vaporizing,  337, 
338 

■olutions  oF,  333 

test  for,  in  milk,  455 
Formalin,  333 
Formic  aldehyde,  332 
Formula  for  problems  in  ventite- 

lion,  10-i 
Free  pratique,  356 
Fruits,  356 
Frying,  251 
Fumigation,  341-343 
Furnaces,  hot-air,  133 
FurB,390 


(1ARRAGE,  dup.^1  <,f.  363 
J    Gaseous  impurities,  74 

(ia»«Iov«e  and  grates,  1 28 
Tiastric  digewlinn,  223 
Oemi  theory,  36,  4» 
irjniments  for,  51 


Germiddes,  317 

Glut«n,  to  determine  percentage  of, 

458 
Olyco^n,  231 

Gmphic  charts  of  statistics,  - 
Grate  fires,  open,  125 
Grates,  ventilating,  125,  126 
Greaac  trap,  376 
Grinding  grain,  effect  of,  252 
Ground-water,  148,  154 

current  of,  156 

purification  of,  155' 
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HAlIDwBlcr.  131 
libvHBtHdiie  111,  167 
llurdntw  of  water,  151,  211,  445 
pemmncnt,  151 
leiupiunrTi  1>>1 
test  rcir,  MS 
Hdulatlif  [n  9clim,l  chiiami,  :«';i 
Hoihh,  .Ufiiiitiuii  nf,  -JH 

..r  ■^Mk,-^,  -i'i.v41() 

It  due  to,  1U> 


telative  abaorptioD  1^  dothinft 


oo£137 

Hwtingbyfaotur.lSS 

hf  hot  WBtar,  138 

bj  steam,  138 
Heredity,  definition  of,  271 

importnnce  of  observing  laws  of, 

Hippocnitcti.  Ii7gici><!  rule*  of,  19 
Hospitul  shipH,  417 

lent,  the  Munson,  417 
HoxpitulH,  inipiiritj  of  air  in,  105 

miliiRry,  41fi 
Hot-nir  Hues,  size  of,  136 
fumacea,  133 
air-Aupplj  of,  135 
combustion  of  fuel  in,  136 
limitationB  of,  137 
loralion  of,  135 
reqnirementK  of,  133 
Hot  wnler,  diginfeclion  by,  324 

heatinc,  13S 
Hoiiae  dminatre,  368 
HoH»e-drain«,  369 
air  inlets  to,  372 

connection  of,  vith  eewer,  371 

with  Boil-pipeti,  371 
conalruelion  of,  371 
qiinnintine,  3'^9 
Hoiiw-fillera,  196 
rUiMsiflnition  of,  197 
danj^nt  of,  196 
nialerinU  for,  201-205 
refinixilm  of,  196 
Helf-fleaning  device.  f..r,  199 
Hoine-fiittiirefl,    connection    of,   to 
waste-pi  pea,  373 


lliiniidltv  of  woniini  air,  ISO.  14<i 
lliiM>..nil  lbeofj,68 
'  Hr<lr<>('iirlH)n  lamps,  M 
njdroci-n   dioiide   as  n   ilitdnfi-r- 


ralpblde,  gjmptome  due  to  ii 
halaticn  irf,  V7 
Hniene^  uidflnt,  20 
i&fimtiaa  of,  17 
development  of,  as  a  Kieaci^  21 
militaiT,  400 
Older  at  Mud  J  of,  26 


;   of. 


progm  in,  21-S4 
reasona  for  study  of,  28 
school,  299 
scope  of,  17-19 


TCE-WATER,»huBeof,2 
1     purilj;  of,  205 
Illiiminaling  agents,  inlliii 


Iltominating-gas.  composition  of,  07 
poisoning  bv,  97 

Illumination,  appuratus  fur,  33 
influence  on  healtli  of,  82 

Immunity,  theories  of,  56-62 

Impure  air,  diReascv  due  lo,  89 
water,  diseases  due  to,  167,  173 

Impurities  due  to  combustion,  bl 
due  to  teB|iiration,  etc.,  76 
gnneous,  74 
in  air,  72 

mortality  due  to,  92 

Impnritjv  of  air  in  bospitals,  105 

Incubatiiin,  period  of,  56 

Incubation-period  of  infectious  dis- 
eases, 313,  314 

Index  of  atmonpheric  containiDa- 
tion,  102 

Indirect  i-adiation,  139 

Infant  mortality,  caiisea  of,  431 
rate  of,  431 

Infection  hv  dnnking-water,  169 
conveyance  of,  by  clotliing,  293 
by  oysters  and  clams,  247 


Iiuectii'ua  diseaiKBj  caunes  nf,  '■ 

iliaitifei.'tion  of  aiees  oS,  % 

Inherited  d* 


ventilitiiiin.  1<k»Uuii  of,  IIS 
size  of,  117 
iDxpeL-lion,  <iiiaraiitine,  357 
Intermittent   filtration  of   Hewage, 

3.13 
Internal  ventitation,  101 
InteHtinnl  digestion.  ^34. 225 
Involuiion-fomiB, 


;  Lime,  chloride  of,  m  a  disinrectaiit, 
320 
ciilorinaled,  as  a.  diuinfuctunt,  32<l 
!      miJk  of,  a»  a  disinfectant,  329 
Limit   of   permuubte    mpiraloiy 
immiiftr,  102 
of  soil  poUatiun,  156 
liniu)  in  clothing,  2D0 
Location  of  school-hoitsea,  309 
uf  ventilation  inleli;,  117 

ouU«ta,  1 16 
nf  welk,  1U3 
Loomis- Manning  filters,  202,  203 


LABARRAQUETS  solution,  33S 
I^ke-waler,  154 
tttleml  chain  theorv  of  imraimitv, 

61 
Lead  in  water,  16S,  212 

teat  for.  446 
Leather.  2»0 

Level  of  gnMind-water,  196 
Life.tab1e,  fnclorH  oF,  433 
Life-tabl«,  vnlue  of,  433 
Light,  294 
^nniciital  effect  of,  296 
unportance  of  nn  abundance  of, 

296 
influence  of,  upon  health,  294 

npon  tuetabolism,  296 
penetration  of  snn-,  295 
therspeiilic  elTecta  of  mm-.  39r> 
Uj^hting  ajtents,  influence  of,  H'i 
increased  bv  priwnatic  devices, 

297 
of  Khool  roonui,  307 


MALARIA   and   typhoid    lever, 
408 
Marriage,  273 
proper  age  for,  273 

MarriageH,   objections    to    consatl- 

guineous,  277 
Mastication,  value  of,  222,  226 
Meon  sfter-lifelime,  433 

ago  at  death,  433 

duration  of  life.  433 
Meat,  cbarncteriBtics  of  good,  245 

cnmpntiition  of,  246 
Meats,  cooking  of,  249 

digestibility  of  vnrlons,  246 


Mercury,  bichloride  of,  t 
fectani,  327 

Meters,  water,  147 

Micrococci,  varieties  of,  39 

Military  hnspitals,  416 
hygiene,  400 
importance  of,  401 

Milk,  2:17 
Rs  I  cause  of  dbtcasc,  240 
as  a  source  of  infection.  241 
care  and  prcpnnilion  of,  2314 
chanicl«nstics  of  good,  243,  450 
of  lime,  329 


9t  for  at 


1,4.54 


for  boric  acid  ii , 
for  formaldehyde  in, ' 
for  salicylic  add  In,  4 
the  use  at  prescrralirrs 
to  determine  the  ash  in, 
the  fats  in,  4.M-154 
the  total  solida  in,  451 


6 
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^V^^^^^H 

^^^^^^^                                ^^^^B 

Paiasitii!  bacteria,  49 

Morbidit;  mUn,  432 

PMteur  filter,  tiie,  199 

Mortality',  cause  o!  int^t-.  431 

I-athngenic  bacteria,  49 

Arm  U)  impuriiies  in  nir,  92 
rate  of  inbnt-,  431 

Pet«n,  action  of,  223 

Moilality-rale,  lyplioid,  an   index 

Perflation,  110 

of  watei^puritv,  171,  174-176 

Period  of  incubation,  55 

MorUlitjr-mI«a,  430 

Permissible  im|)uril>-  in  air,  IM 

Movenienlof  besttd  air,  110 

in  the  soil,  loti 

Munson  boxpiul  tern,  the,  417 

Mutton,  246 

fectant,  330 

Feiuona]  disnlecUon,  340 

hygiene,  268 
Petfi  dish,  42 

i^     Nervous  dJseuBea   in  Bohooi- 

Pettenkofer-B  test  for  atteaic  ad 

diildren,  38S 

439 

NrasleH!.  re•gen^  448 

Pbap>c>-toeB,  theory  of,  57 

Nitrates  in  water.  212,  443 

Fhopbalcs  in  water,  210 

test  for,  443 

last  for,  447 

Nilrificulion  of  organic-  malletji,  212 

I'hvdcal  exanilmtlion  of  wsler,  1 

NitriWa  in  water,  212,  444 

tisining,  aim  of,  283 

Physiology  of  digestion,  the,  2U 

tests  for,  444 

Plenum  system,  120,141 

Nitrogen,  70 

Pliimbing  for  aewage,  3ii8 

proportion  of,  to  carbon  in  diet, 

22R 

Pneumonia,  infectiotiBneas  of,  Sfi 

NiilH,  256 

Poiwon'a  fbrmuU,  422 

Pollution  of  well-water,  158 

Population,    actnal    incretnem  d 

AAT-MEAL,253 

\J     Objections  to  rtoYea.  127,  128 

425 

daily,  430 

Oll^.toveB,  130 

tetiniation  of,  42R 

»ie 

weekly,  430 
Pork,  246 

Oriainic  excretion,  79 

Portable  steam  radiator,  129 

matlcn!  in  water,  211 

PoW-hosjHtils,  404 

Outlets,  tocalionof  ventilation.  115 

PoHtuUtc*  of  Koch,  53 

Overwork,  eBecIs  of,  in  school,  3(K) 

PrcL^utions  in  sick-room,  !140 

Oxvjteil,  6U 

OjMera,  infecUon  by,  and  clams,  247 

PreBervBiivw,  use  of,  in  (boda,  260' 

PnsioHtic  devices.  incTceMd  1M| 

ing  by,  297 
PtxihHble  duration  of  life,  433 

PAIlXlLftSETa.  36(( 

r     Pancreatic  diRestion,  224 

Probation,  campti  of,  368 

juice,  the,  234 

1     Parafomi.  33.1 

X    Pttnif.>m.al<iehyde,  333 

intoxication.  66 

1    pRrafiilee,  Irantuuiwion  of,  bj  water. 

Pmphylajcis,  32 

■       171                                                     Protection  b;  vaccinaliott,  3aD-4||^H 

^^Bii^lH  ~^| 

Hi^^^^^^n                INDEX.                                    469  ^^1 

Rainfut).  nmouni  of,  per  acre,  149          ^^| 

mar^  of,  230 

Rain-WBter,  148                                        ^^M 

Ptommiui,  49 

cisterm,  15U                                        ^^H 

Ptyulin,  action  of,  221 

condui^rs,  373                                  ^^^H 

Pumping,  effocl  of  exceadve,  on 

filtntioo  of,  150                             ^^H 

quaUty  of  iraterin  wells,  |.i«,  190 

Bofineffi  of,  151                                   ^^H 

Puriikation  of  air  by  dm,  lUl 

Rations,  annv,  410                                ^^H 

of  grounil-wnter,  155 

Receptora,  EhrlicliX  61                         ^^H 

Recruil*.  quolifit^tiona  of,  401               ^H 

uf  river-WBter,  152 

Refuge,  camtH  of,  358                             ^H 

of  Bewaae,  381 

RegiHiers,  aiic  of,  136                              ^H 

Regislnition  area,  23                              ^^M 

I           of  witer,  172 

recordx,  importance  nf.  427              ^^^1 

■               bjr  chemical  Irealment,  ITS 

■               bj  filtralion,  ISl 

fever,  165                                             ^^M 

P               by  Bubwdence,  176 

Relative  value  of  foods,  258                   ^H 

■                 doniMtic,  1!)2 

Removal  of  sewage,  363                        ^^H 

ReHpiratinn   itnpuntieE,  efTccla  of,       ^^H 

riUAEANTISE,  334 

y    at    Canadian    and    Melitan 

Rtvpiralory  viliHliun,  diseauctt  due        ^^^| 

^H 

poHB,356 

Retetiiicm  theory  of  Cbauvenu,  57        ^^M 

history  of,  344,  345 

self^puiificatlon  of,  152                        ^H 

hoii»e,  358 

RoHHUng  and  broiling,  250                      ^^1 

inland,  357 

Roonu,  final  disinfection  of.  341             ^^M 

la*™,  purpose  of,  348 
o'l^n  of,  344 

■ 

oriKinal  meaning  nf,344 
railraiid,  35!) 

SALICYLATES,  test  for,  in  milk,        ^H 

TCKulalionM  al  ports  of  departure, 
:i46-348 

SalWIic  8<'id,   test   for,   in   milk,        ^H 

of  entrr,  349-351 

rei^llimi)  during  voyape,  348 

Salivary  digestion,  231                            ^H 

school,  311 

Salts,  food-,  functions  of,  234                  ^^M 

Mationx,  lix'alion  of,  351 

sources  of,  235                                   ^^H 

Sand-fitter^  IH2~192                                ^H 

IraHmenl  of  canioes  in,  352 

Saniury  cordon,  the,  367                           ^H 

of  pBBwnger.  in,  S53,  355 

of  Te«el«  in,  353-355 

improved,  results  dne  to,  21,  24 

Scfienng-B  Ismpa,  334 

method  of  dffiifecUon,  334 

DADIANT  heal,  123 

Schiiomycetes,  3.3 

of,  142 

nervous  dixenaes  in,  303 

Badi>lion,diren,  139 

prevention  of  infection  of,  311 

direct-indiT«pt,  139 

spinal  deformities  in,  305 

indirect,  139 

vaccination  of,  316 

Bkilroad  qnarantine,  359 

^V^^^^^H 

470                                                                             ^^^^B 

Sewen,  "  nxubined."  387              ^H 

lieallh  of.  3U4 

consmicUon  of,  SHO                    ^H 

p               hYKiene,  'J!M 

"*p«raw."388                             ^ 

'■             uifirma^c^  :il3 

■kape  of  "  cotnbiaed."  387 

wonw,  ligbling  «f,  307 

Ludlow  wells,  157 

work,  duration  of,  30U 

Sick-ral«^  4^      '                            ^M 

Bphool-hoiuas  '»'«  of,  310 

d<»k-rooms  in.  308 

Sick-rouiu,  can  of  the,  340           ^H 

consiruction  of.  307 

disinTeclion  of  the,  3-1  i               ^H 

intpurilT  of  air  in,  lOj               ^H 

loolion  of,  303 

Silk  in  clothing,  289                       ^H 

venUUlion  of.  307 

w»niung  of,  307 

Size  of  i-ealiUlion  tnlel-,  1 1 7      ^M 

Skimraed  milk.  239                        J^M 

31fi 

308                                              ^H 

Re;i.baihiDK.  285 

Soda,  chlorinated,  320                    ^H 

Soil,  the,  87                                      ^M 

Stif-study,  importance  of,  289 

btctena  in,  87                              ^M 

Seplirfftuia,  definition  of,  55 

"  Septio-lank "    »yatem   of   sewajte 

limit  of  penniaBtblo  impnnlj-^H 

156                                            ^^H 

treauncnl,  396 
advanMgeB  of,  397 

purifTing  a«tioii  of,  155             ^H 
SolUir,  86^                                       ^M 

Sewage,  rhemicnl  tmlment  of,3»2 

cirt-ulatioa  of,  88                          ^H 

compuoition  of,  3M 

compaction  of,  87                        ^H 

lillralion  of.  3l»3 

inlemittent  flltmion  of,  393 

Soil-pipe,  (he,  36!>                          _^H 

pail  sVBlem  of  remoral,  365 

conneotion  of.  with   bounrJnd^^l 

porificaaon  of,  3H1 

371                                          ^^H 

remoTul  of,  3B3 

location    and     oonalmriion    t^^l 

the  ultiioHte  dfapowl  of,  3B1 

369                                           ^H 

tvAing  of,  »7»                               ^M 

by  irrigiiUon,  394 

renlilation  of,  369.  372              ^^M 

Soldier.  clMbine  of  the.  41S-U4^H 
insLniction   of  the,  in   hnnMi^^H 

by  the  "aepdc^onk"   sjntera, 

305 

^^^^H 

water-cntriaiK  o^  305 

the  food  of  tlie,  410-llS             ^H 

Sewage-plumbing,  Sm 

work  of  the,  418                          .^H 

Soldiers,  weixhts  carried  br,  tiS'^H 

8o1id>s  totnl,  in  water,  309             ^H 

Sewurage,  lyeclor  syBlem,  365 

SoiipH  nnd  brothH,  249                    ^H 

Source  of  oirfiupply,  107               ^^H 

Hltoiie  KyHtc-iii,  36.5 

Soiirr»  of  waler«u|>ply,  148        ^^1 

8ew^■^-lpl^  SH 

Spinal  deformiliee  in  Rchool  dN^^H 

hncteria  in,  86 

dren,  305                                 ^^H 

Spirilla,  39                                       ^H 

Spom,  chanirierixtics  at,  38         ^^H 

K     Hrwrra,  SNIl 

fonnalion  of,  37,  38                '     ^H 

■        ailvnnUges  of  "wparale,"  388 

Spring^  148,  )56                            ^m 

^H 

niDBX.                          471  ^^1 

SpriiiK-water,  157-184 

T«x»lbamii»,  49                               ^^| 

iniriiyi)t,_l57_ 

T.>iim.  49                                              ^^H 

Trainitif-.  jibymiiil,  urn  of,  283            ^^^H 

421 

SlBtL-*ti<3    xtiowing  flaniuiry   igiHa, 

£1 

'"AS^ii            ■ 

Hlau.^  diaJBtet-tion  by,  m 

Ciidell'ii,  375                                     ^^H 

Steam-heBling.  138 
S[«upHiii,  oclion  of,  32o 

T^A'S-"'           ■              ■ 

inethoiU  of,  43 

H»I  of,  374,  376                                 ^^1 

of  imter  by  boiUng,  lil2 

Sleriliied  mUk,  2S9 
Skoiluer,  tbe  Fnrb»,  193 

Tent-pipes  fur,  376                             ^^H 

Trikr»M>l,  329                                     ^^1 

Steriliatrs,  44 

TrilUt'a    metlio<l    of   <ll»infe<-l>oii,      ^^H 

334                                                       ^H 

(aiiUooB  in  use  of.  263 

TrvDMn,  aclLim  of,  224                                   1 
Turkish  bath,  287                                               ^ 

daBuficalioD  of,  259 

function  of,  259 

Typhoid  fever  «nd  nuilaria,  408                        , 

indicsliana  for  use  of,  259 

as  an  index  of  water  purity, 

Stovtn,  12B 

174,  176 

g»*,128 

gases  from,  126 

due  to  fliea,  407 

objections  to,  I2T,  128 
oil.,  130 

in  eomps,  408-110 

venUbiline,  127 

Tyroloiicon,240 

Stodie*.  order  of,  301 

SnWrri(!Bl«>n.  394 

17l( 

VACCINATION  of  iwhoo!  diil- 
*      dren.  315 

&il»oil-w»ter,  14B,  IM 

protecUon  bv,  360-362 

8ii!ph«leofiron.  ;i.1(] 

»(atiMi<».  360-362 

Sulphur  dioxide,  'A'Xl 

VsrietT  in  food,  ne<«t«ly  for,  218, 

fun.iB.tinn  wilh.  341 

23fi' 

Sulphuretted  hydrogen,  97 

Vegetables,  rookinjt  <  254,  265 

VeWily  of  Bir<iirrent«,  111 

Surface-w»ler.  14M,  162 

grilles,  124,  fc 

V(^lita[ion  ind  henlinR,  100 

rpm,  260 
1     and  roflM,  nhine  of,  261 

artificial,  108,  119 

definition  of,  101 

TcMk  of  «el1-watcr,  Ilt3 

device,  for.  113 

Tlicnnr  of  anlilnxins,  58 
of  Burhner.  57 

extent  uf,  nei-enmiy,  104 

cxtemnl,  100 

o(  Oianvean,  57 

fBcUint  in.  102 

of  MetohnikolT.  57 

bns,  119,120 

of  PttDleur,  57 

force*  of,  108 

Tolnl  »ofid«  in  wuter,  20fl 

inlei-nal.  101 
natural,  108 

Tomemii,  tlefiniiion  cif,  55 

■.fB<-hool-hou»e8..107 

^V]^^^^|H 

^^^1 

Ventilation  of  xewent,  368 

Watar.  lead  in,  168.  312,  446 

levi:)  of  subHoil-,  15(i 

or  vent-pipes,  378 
of  waler-t^toseta,  386 

melere.  147 
nitnita  in,  212.  443 

pnctioil  points  in,  121 

nitrites  in,  212,  444 

problems,  formula  for,  105 
Bmead  avstem  of,  US 

organie  matters  in,  211 

phvsicat  eiamiimtion    of,    SO 

rroupuig  in,  422 

puiificaUon  of,  152.135,172 

methods  of  obtaining,  421 

in  the  household,  :»2 

numerical  ntandanl  in,  422 

purity  of  subsoil-,  157 

units  in,  421 

quantity  of,  necesarv,  144 

probable  error  in,  423 

rain-,148 

value  of,  420 

river-,  152 

of  series  in,  423 

sewage-pollution  of,  JS2,  153 

VBrifllion  in,  422 

»urce«  of,  148 

spring-,  157-164 

purity  of,  157 

■m  ARMED  air,  humidity  of,  136, 

sioTBge  of,  177 

mtiii-e-.  148,  152 

Wanning  of  Btliool-honses,  307 

lest*  for  physicnl  prnperties,  90 

441 

Wastfr-pipes,  309 

IoIhI  solids  in,  209 

373 

Waler-carriBge  of  sowaue,  3^^ 

with  soil-pipes,  373 

WaU-r-dosets,  380 

Wiiter,  144 

connection   of,   to   wntepciiprti 

ammonia  in,  210, 448 

385                                             . 

liai!l«rittl  eKaniiimlion  of,  207 

dirinfecUoo  of,  386 

hopper,  388 

442 

loA^on  of,  386 

chemicsl   examination    of,   209, 

pan,  381 

44H49 

Sras?So'" 

treatment  of,  178,193 

chlorine  in,  210,  441 

siption,  3S4 

valve,  381,  388 
ventifaUon  of,  386 

collection  of,  for  analjsia,  208 

eoflt  of  sickneas  <luc  to  inll.ited. 

wash-out,  384 

174 
dwp- or  artesian-.  148,  IfiO 

di^wnHen  caUHed  hj  impuriliw  in, 

of  cities.  145 

l(!7-i:2 

of  school  hoUBe^  310 

double  supply  of,  146 
eSertKof  impure.  173 

reUtion  i  J,  to  typhoid  ferer,  11 

Weights  can'ied  hr  aoUiM^,  413 

,          ejcrelion  of,  3S0 

testing  of,  10.1 

k        tfroimd-  or  subsoil-,  148,  154 
ft       tinrdnew  of.  151,  446 

Wells  nrea  dmined  by,  I68-18S 

con!<trucU«n  uu'l  tnn  of,  16S 

A      lake-,  ISO 

deep  ..r  aHwinn,  160 

INDEX. 
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Wells,  location  of,  163 

sliallow,  157 
Welsbach  light,  the,  84 
Wheat,  252 

bread,  characteristics  of,  459 
Wlieat^flour,  253 

characteristics  of,  457 


Winds  as  ventilating  agents,  109 
Woollen   clothing,  advantages  of, 
289 

ZINC  chloride  as  a  disinfectant, 
329 
Zooglea,  39 
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DISPENSATORY.    Natioual. 

FRACTURISS  and  DISLOCATIONS.    Stimsox.  Pick. 
GYNECOLOGY.    Amtiricun  System.  Thomax  &   Muiidf,  Emmet,  Dnvenpni 

Dudlev,  Cn>cki"tt,  Findley. 
HISTOLOGY.    Klein,  Scbft&r,  Dnnhani,  Nichols  i  Vale,  Snymonowiez. 
HYGIENE.    Egbert,  RiolmrdsoD,  Barrinstou. 

LARYNGOLOGY  and  RHINOLOGV.  Coakley,  PoKy  ib  Wright,  Orayaon. 
MATERIA  MEI>ICA.    Cnlhreth.  Moiaoh,  Bruce,  Schlfif,  Li.iik,  Harp. 
MEDICAL  JDRISPRintENCE.    Taylor,  DwigliC. 
MENTAL  DISEASES.    Clouslon,  Folsom,  Polla,  Dcreuin. 
NERVOUS  DISKASES.    Deroum,  PoHs. 
OBSTETRICS.     Amcriioii  System,  DnviH,  Parvin.  Plavfair,   King,  .lewetl, 

EvanB,  Reynold!  &,  Kewell.  Manton. 

■  *  ■  ""■  """     Norrit  &  Oliver,  Netttrahip,  Balltngtr  &  Wipjiem, 


OPHTHALMOLOGY. 


PATHOLOGY.    Ijreen,  Ewiog,  Coato,  Niehob  &  Vate.  Schmnnit 

PEDIATRICS.    Smith,  WilliBmR.TultlcKoplik,Tuley. 

PHARMACOIjOGY.     CuBhnv,  rulbrath,  Hermann,  Hare. 

PHARMACY.     Cvpari. 

PHYSICS.     Draper,  Martin  &  Rockwell,  MoGtannon. 

PHYSIOLOGY.      Foster,   Chnpman,   Collina   A    Bookwt'll,    Hull,    Dallun, 

Gufiither. 
PRACTICE.    Flint,  Loomia  &  Thompson.  Mslsbnrr.  TbDiiipw>n,  Kellv. 
QUIZ  SERIES.  POCKET  TEXT-BOOKS.  MANi;AL8.Et'ITOl4£8,cle. 
SEXIIAL  DISORDKIIS.    Fuller,  Taylor. 
STATE  EXAMIN.\TION  SEIUT'^S 
SURGERY.    Park,  Dennis,  Roberta,  AahhnrBt,  Tr«ve«,  Cbeyiie  &.  BurgbarO, 

Qallandet,  Brewer,  BichardsoD. 
SURGERY- MINOR.    Whnrlun. 

SURGERY-OI'ERATTVE.    SCimsoD,  Sioith,  Treves,  Uharton. 
SI'ROERT-ORTHOPEDIC.    Young,  Whitnmu. 
THERAPEUTR-S.    Hare,  Fnthvrgill,  Whitla,  Unyeni  &  Hnre.Bnict',  Sohleif, 

Cnshnv.  Tirard,  Long. 
URINARY  Diseases.     Ri>l>«rts,  Black    Taylor. 
VENEREAL  DISEASES.    Taylor,  Hayden,  Coniil,  Sehmidl. 
6-1-03 
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ABBOTT  (A.  0.1.  PRINCIPLES  OF  BACTERIOLOOT:  »  PraeliaJ 
MkDiial  fbr  Students  uui  FhfuoUiu.  Siilh  edition  thorooghlj 
reriwd  «nd  greatlj  enlamd.  12ino.  6S6  pages,  with  111  eagnr.,^ 
whioh36areeolar^.    Cloth,  tS.75,n(l. 


One  of  it!  miwl  nl 


cessfully.    To  tha*«  who  requin  ■ 

>   condeuied  vet  neve  nhelea  complete 

.    KOrk  apon    Bucteriologr    we   maet 

conJinily  recoranieod  it.— Di/ nifni- 

1    /leutie  GatrUe. 

detail,  make   his  eiperimenU    sue- 

ALLRK  (CHARLES  W.l-    A  TREATISE  ON  BAnHiTHERAPV 
AN'D    rnOTOTHERAPY.    Octnvo,  nlmul  503  pnevs,   wilb   mMT 
iIlU9fn.tic.nil.     Pr-f  paring. 
ALLEN  rHABRISON).     A   SYSTEM   OF   HUUAN   ANATOICV: 
WITH  AN   INTRODUCTORY   SECTION   ON    HISTOLOGY,  bj 
E.  O.  Shakbsfsarr,  M.D.    Comprwing  813  double-oolumued  noano 
pajcoi,  with  380  enjtravin^^  on  stflne,  109  plaice,  and  311   woua  cnu 
in  the  text.     One  votum?,  oloth,  t33. 
AMERICAN  SYSTEM  OP  PRACTICAL  HEDICINB.     A  SYS- 
TEM OF  PRACTICAL  MEDICINE.    In  contribution*  br  ViirioM 
Americaa   Anthon.    Edited  by  Alfred  L.  Loomis.  U.I$.,  LL  a. 
and  W.  Oilman  TuoMpeox,  H,  D.      In  four  reiy  tuadBame  oetarn 
volume!  of  about  900  pa^  enoh,  fully   illnRreled.     ComjittU  wr^ 
noic  ready.     Per  volume,  elulh,  (5:  leather,  (6;   half  Morocco,  t^. 
For  tait  by  mbtcription  only.     Proepectns  free  on  application. 
"The  American  Syatcm  ot  Medi-  1  tltioner  will  find  a  >afe  and  tnul- 
eiiie"    ia    a    work  of   which    every  ;  worthy  counsellor   in    Ibr  dailv  n- 
American  phyaioian  may  reaionahly  '.  Bpoa*n>ilities of  practiee.  —  Tlu'Ohit 
feel  proud,  and  ia  which  every  prac-    Medieal  Journal. 
AMERICAN  SYSTEM  OF  DENTISTRT.    In  trealUes  hr  variou 
Edited  by  Wilbur  F,  Litch,  M.D.,  D.D.S.     In  ibr«  very 
"  luper-ro^al  nclavn  volumeB,  containing  about  ASOO  psgH, 


with  1873  illnttratious 
to  ;  leather,  t7.  For  * 
applipBtion  to  the  Publishers. 


Inttratious  and  many  fult-page  plates.       Per  vol..  ola 
t7.     For  mU  by  Mnbtription  oSUy.     Prospeotua  free 


AMERICAN  TEXT-BOOK  OF  PROSTHETIC  DENTIBTRT. 

In  Contribution,  bv  Eminent  American  Aulhorilies. 

Edited  by  CnARLEa  J.  ESBIO,  U.D.,  D.D.8..  PmfeBorerHrahA&lMl 
Dentistry  and  Metallurgy.  DeparlmeDl  of  Dentistry,  Univeim^  of 
Pennaylvania,  Phila<lelphia.  Second  edition.  607  pBgCL  1069 enciai. 
ingK.     Cloth,  te  ;  leather.  $7,  «rt. 

DUgh  production  will  J      It  isnplodnle  in  everj  paitieBlat. 
'-  this  country  or  in  1  It  is  a  practical  rnumi  fin  iiiilallwtiw 
!  dentictry  is  an-  !  which  any  student  can  take  tip  dnr- 
aeniooa  as  a  pan  of  civilization.—    ingorafler  college.— J^MsMsTtJlMa- 
Tht  Inttrruttional  Dmtal  Jmanal.   ,  lal  Journal. 


Lea  Bbotre&s  A  Co..  Priladei.pi 


if  PeniiByly« 
in  ;  lenther.  t7,  na. 

It  ii  replete  in  eveiy  particnlu 
and  Ireatathemibjeel  in  apK.greBii»e 
mviDer.  It  is  a  bouk  that  every 
pri>i;ressive  deatist  ihould  pnaseu. 


Departmeot  or  Dentinry,  III 
857  p^e«,  897  engrBTingi.     Cloth, 
Written  br  k  number  of  praati- 

tionen  sa  welt  knaim  at  the  chur 

ma  in  ioanislistic  literature,  many  of 

them  teachen  of  eminence  In  our  i  ^.  .„ _   ^ 

•olleeea.    It  ahnald  be  included  in  '  and  ne  can  bearlilr  recnmmcDd  .. 

the  list  of  text-books  net  down  as  '  fa>  the  prafesaion,—  ^.;  OMo  Denial 

most  useful  to  the  college  student.—     Journal. 

T\f  Dmtal  Ifmi.  ' 

AMERICAN  SSSTEMS  OF  G¥NBOOIX>GY  AND  OBSTET- 
RICS, liy  erainenl  American  specjaliats.  GynecolOKy  edited  by 
Matthew  D.  Makn,  A.  M.,  M.  It.,  and  Obstetrica  edited  by  Bakton 
C.  HlR.'^,  M.  D.  In  four  octavo  vulumea,  oompriaioK  Slil'J  pages, 
with  \m2  enennnica.  and  8  colored  plates.  Per  volume,  cloth,  %5 ; 
leather,  $6;  half  Bnsua,  %1.  Pnispectus  free  on  application  to  the 
Pohlishera. 

AMERICAN  TEXT-BOOK  OP  ANATOMY.     See  Grrriih,  jiage  li. 

A  TREATISE  ON  SURGERY  BY  AltniRICAN  AniHORS. 

FOR  STDDENTS  AND  PRACTITIONERS  OF  SURGERY  AND 
MEDICINE.    Ediledhy  RnsWEi.L  PaBK,  M.D.     See  pa^^e  23. 
ARCBINARD  (P.  B.).  AN  EPITDMEOF  l!.\rTERIlH.O(!y.    I2iuo, 
211)  pat,-es.  vtilb  many  illuslnitions.     Clolh,  $1.  nrl.     Lea's  S-ritt  oj 
M'diail  EpHomiA.     See  pati'  IS. 

ASHHCRST  fJOHN.  JR.I.  THE  PRINCIPLES  AND  PRACTICE 

OP  SURGERY.    For  the  use  of  Studentfl  and  Practitioners.    Sillh 

and  reriaed  edition.    In  one  large  and  handsome  octavo  volume  of 

1161  page*, with  e.W  engraving!.  Cloth, t6;  leather.ti- 

A>  a  masterly  epitome  of  what  has  |  (exl-book,  we  do  not  know  ita  equal, 

been  aaid  and  done  in  surgery,  as  a  i  It  is  (he  best  aingle  teit-book  of 

anecineland  logical  «t«lementof  the  i  mirgery  thnl  we  haveyel  seen  in  tliia 

principles  of  the  subject,  as  a  model  '  country, — Sfw  York  Pott-Gradvate. 

A  BVBTEM  OP  PRACTICAIj  MEDICINE  BY  AMERICAN 
AUTHORS.    Edited  by  William  Prpper,  M.D.,  LL,  D.    In  five 

largeoatavovolamee,contaiaiDg  ,5573  pages  and  inS  illnstraUona.  Price 
per  volome,  oIoUi,  $5;  leather  $6.    Proap 
the  Publiahen. 


n  application  ts 


Antbor  for  America.    In  one  handsome  l3mo,  volume  of  784  pages, 

with  88  illuatntiona.     Cloth,  |2.60,  net. 
Itis  repletawith  tbelateriinform-   or  in  general  praetice.— TV  PitU- 
ation,aDd  oonsidera  the  chemistry  of  burg  Mtdital  Revltte. 
every  subalance  reoogniied  ofBeially  I 

L      BARNES  (ROBERT  AND  PANCOURT).    A  SYSTEM  OF  OB- 

■  STF.TR1C   MEDICINE  AND  SURGERY.    Octavo,  S72  p 

■  331  illui.    Cloth,  $6  ;  laalber,  |e. 
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BACON  (GORHAMl-    ON   THE   EAR.    Thiid   edition.    One  12bio. 

vulnaie,  43(1  jHigeH,  120  Engisimgs  And  7  culorL-d  |ilalcs.  CToUi. 
ntl,  $2.36.  "^ 

II  !■  Ikebal  manunl  upon  atology.  '  dents  of  medicine — CUvd«flJl 
An  inteniety  prscticAl  book  Tor  stu-   nal  of  Medicine, 
BALI.ENGER  (W.  U)  ANO  WTPPEBN  (A.  O.). 

TEXT-BOOK  OP  DISEASES  OP  THE   EYE,  EAR.  NOSE  A 
THBOAT,    In  one  bAndsome  12mo.  rolniue  at  .^25  paRV".  with  \ti 
iWuttntiont,  and  6  colored  ptales.     Cloth,  $2.00,  net ;  limp  loitbct, 
fti.50.  ikI.    l^n'f  Seriet  of  Pocktt  Tnt-bmti,  rdit«d  by   Bkiui  B. 
Gallaitdet,  M.  D.    See  p.  IS. 
Like   Ihe  olher  vnlunjea  of  this  I  lo  write  upon  the  subjc«ta  Ibej  Hi 
series,  this   is  compcndioDB  and  re-   cboaeii.  aud  they  have  done  M 
plete  with  infonnalion  of  the  sort  manner  which   roakM  the  t 
needed  by   the  student  And  practi'  valmible  one.~.Sf.   I 
tioner.ThenolborsArefnllj'.iualiliedlcjndSurgwa;  tUp-TTtrr 

BARTHOliOW  {KOBERT8).  CHOLERA :  ITS  CADBATION,  1 
VESTION  AND  TREATMENT.    In  one  !2mo.  volome  of  137  a 

with  9  illoalrationa.    Clotli,  tl-36- 

BUJJNOS  (JOHN  B.).  THE  NATIONAL  MEDICAL  DICTIONABT]" 

Including  in  one  ulphiibet  Gngliah,  French.  Gemian,  Itnliui  uid 
Lutin  Technical  Terms  used  in  Medicine  and  the  Collateml  Scicuns. 
lu  two  octavo  valiimes  containing  1574  pages  and  two  colored  platei. 
Per  volume,  cloth,  (6  ;  leather,  f7. 

BLACK  (D.  OAMPBBI.L1.  THE  URINE  IN  HEALTH  - 
DISEASE,  AND  URINARY  ANALYSIS,  PUYSIOIXHilCAl 
AND  PATHOLOGICALLY  CONSIDEEED.    In  one  t3mo.  *t' 

of  250  pages,  with  73  engrATings.     Cloth.  (2.76. 
A  eonoiso,  yet  coniplrt«  manual,    ticnl  and  clinical  tlandpoint. — Tit 
treating  of  the  subject  frarnHprac-    Ohio  Miditat  Joutnal. 

BLOXAJU  (C.  L.).  CHEMISTRY,  INORGANIC  AND  ORGANIC. 
With  Experimenlx.  New  American  from  the  fifth  London  edition. 
In  one  handsome  octavo  volume  of  737  pagea,  with  3(13  illuatnuions. 
Cloth,  $2;  leather,  tS. 
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ingB,  7  colored  plates.     Clotli,  |4  ;  leathi^r,  f-'>,  nr'.    Jux(  n 

BRUCE  (J.  HITCHKLiL).     MATERIA   MEDICA  AND  TBERA- 
PEUTICS.     Sixth  edition.    In   one  12mo.  volume   of  floo  nu«. 
Cloth,  tl.50,  net.    See  Studrnti  Stria  of  Manual*,  page,  37. 
This  new   edition    iiicreflses   Ihe  l  known    and   appreciated,— JVntmi' 

Talue  and  more  firmly  estalilidies    Rrrini  of  Heriew. 

the   reputnlion   of   a  work  al  ready  I 

BRITCE  (.1.  MITt^HELL).    PRINCIPLES  OF  TREATMENT.     Ia 

one  oclAio  volume  of  625  pages.     Cloth,  (,'1.75,  ml. 
One  of  the  nirxl  useful  hooks  in  I  cover  \o  cover. —  IVr^'nia    Jfrt/iiM/ 
which  the  praclidoner  can  inveat.    Semi-Moalhl^. 
It  is  a  book  worthy  of  reading  from  ' 
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V  AND  Hew  York. 


BRYANT  (THOMAS).  THE  PRACTICE  OF  SURGERY.  Fourth 
American  from  the  fDiirth  Entclish  MJtiou.  In  one  imperial  octaro  vol. 
of  1040  pBgeH,  wilh  727  il I ual rations,     Clotb,  $8.60 ;  leather,  »7.60. 

BITRCUARD  (HENRV  H.).  DENTAI,  PATHOLOGY  AND  THER- 
APEUTICS.   HaDdsome  ocuvo,  676  pages,  with  400  illuitrntiona. 
Clnlh,  net,  t5-00 :  leather,  net,  $6.00. 
Ill  (helreatiiieiilof  llieBiihjeot the   a  valualilc  text-book  on  a  subject 
'    '         !iietl   1j^  Ihr  author  is  I  vhloh  hati  heretofore  not  been  ade- 


an<t 


oeqUFDtiul.    Tbe  work  ia  I  i]ualelf  reprenenled. — DmlalOmmoi 

BURNETT  |CHARI.£SH.).    THE  EAR:  ITS  ANATOMY,  PHY8I- 

OUXJY  AND  DISEASES.  A  Practical  Treatise  for  the  U>e  of 
Stadeata  and  Prsc(TtioD«iB.  Second  edition.  In  one  Svo.  volume  of 
580  paga,  nith  t07  illuBtrationa.     Cloth.  $4  ;  leather,  $6. 

OARTER(R.BRUDENE:IjL)ANDPROST<W.  AJ>AM8).  OPH- 
THALMIC tSUROEHY.      In   one  pocket-aize  12mo.  volame  nf  659 

pagrs,  with  III  engravingit  and  ouc  plate.  Cloth,  (3.26.  SeeSni'eto/ 
Clinical  ManwiU,  page  25. 

i    TREATISE  ON    PHARMACY. 
Second  edition.      In  one  hnndaorae 
octavo  volume  of  7r4  pages,  with  301  11  lustrations.    Cloth,  $1.25  nW. 
The  aulbor'a  dnties  as   Profenor    student  who  cannot  understand  must 

ofTheoirandPrsciiwof  PhanoMj    be  dull  Indeed.    The  book  is  fiill  of 

iu  the  Marjland  Colletn  of  Fbar-   new, clean, sharp ilIustrationa,which 

macy,  and  his  contact  with  sludenla   tell  the  story  freimenlly  at  a  glance. 

made   him    awure   of   Iheir   exact   The  index  is  full  and  accurate. — 

wants  in   the   nuitler  of  a   manaal.    National  Drtiggiil. 

Hia    work    ia   admirable,   and   the, 

CHAPMAN  (HEafRV  C).     A  TREATISE  ON  HUMAN   PllYSI- 
OLOUY.      Si-cond   edition.       In  one  oetavo  volume  of  921    pages, 
with  595  illustrations.    Cloth,  $4.26 ;  leather,  $5.25,  net. 
In  every  respect  the  work  fulfill  |  minble  work  of  reference  for  the 

ita  promise,  whether  lu  a  uomplete  I  physician. — yorthOanilina  JtedUal 

treslisci  for  the  student  or  as  an  ad- ,  Jountal. 

OHARIjES  (T.  CRANBTOUN).  the  ELEMENTS  OF  PHY8IO- 
LOGICAL  AND  PATHOLOGICAL  CHEMISTRY.  Octavo,  461 
pages,  with  38  engravings  and  1  colored  plat«.    Cloth,  $3.60. 

CHEYNK  (W.  W.)  AND  BUROHARD  (P.  F.).  SURGICAL 
TREATMENT.  In  sev<-D  octavo  volumes,  illustrated.  Note  rends- 
Volume  1,  299  pnges  and  Sfi  engravinga.  Cloth,  $3.00  art.  Volume  2, 
382  pages,  141  en^'mvings.  Cloth,  $4.00  n«<.  Vol.  3,  306  pages,  IW 
engnivinjrt.  Cloth,  t3.50,  nrl.  VoL  IV..  383  pages,  138  engravings, 
t'loth,  t3.r;"i,  ntt.  Vol.  V.,  482  pages,  14fi  engravings.  Cloth,  $5.00, 
nrl  Vol.  VI..  4!IS  pages.  134  engravinga.  Cloth,  $5.00,  net.  Vol. 
VII.,  fi.S9  pages,  llJvDgravings.     Cloih,  $5.75,  n<4. 

The  work  is  especially  strong  from   roent  receives  a  very  large  shaiv  oi 

the  practical  point  of  view,  and  oon-  allenlion.  The  iUnatrationa  are  clear 
lain.^  many  useful  hints,  often  upon  and  useful,  and  the  index  hax  evi- 
minor  details  which  ooulribule  so  deotly  been  very  careftilly  made.— 
much  to  surgical  success.     Treat- '  ifedical  RKord. 


Lka  BsoTBEBfl  &  Co.,  Phii^delphia  akd  Nbw  Tokx. 


CUNICAL  MANUALS.    See  Striet o/ Clmieal  ifanuaU,  pagt  K. 

CtiOUBTON  ITHOHAS  8.).   CLINICAL  LECTURES  ON  UEKTAL 
DlSliIASES.    Ni'wldth)  edition.    In  one  ocuvii  volume  of  TfiO  ll•ga^ 

with  lU  colored  plutcB.     Cloth,  $4.25,  net. 

^•Foisou's  Abitractqf  Lam  of  U.S.  on  Cutwli/  o/  liuatti 
tl  60.  is  sold  ID  caiijiinctioa  oltli  ClovtUm  on  JUttu'  '  "' 
(6.00,  iieC,  fur  the  two  warlu. 


$2.76.  n<t. 

Th«  work  i> 

MpeuKivc!  eiiii 


lOnvL'nieDt  and  in- 1  muv  be  reoommeDiled  at  h  m 
1  the  entire  field  of  and  traitwnrlhy  summniMr 
:auilthront,  which  I  auhjeot. — Medieallfewt. 
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COLEMAN  (ALFRED).    A  MANUAL  OF   DENTAL  SDROl 
ANUPATUOLOUY.   With  Notes  and  Additions  to  adont  il  t. 
ioui  Practice.  Bj  Tkob.  C.  Stsllwaokm,  U.A.,  U.D.,  D  D.S.  . 
hiiiiilsuini-  octavo  rol.  of  413  p«gei,  with  331  cngnvings.    Cl»tb, 

COLLINS  (H.  D.)  AND  ROCKWELL  (W.  H.).  A  POCKET 
TEXTBOOK  OF  PllYSIOLOtJY.  l-Jmo.  of  316  pages,  with  lil 
illuBtratioiiB.  Cloth,  »1.50;  flciible  red  leather  M.OO,  net  X<«'| 
Serin  i>f  Forlccl  Ttxi-lHH/l:).  edilnl  by  BERK  B.  Uau^uhkt,  ll.D. 
See  page  18. 
Well  writleii  und  up  to  dnlc.    It  ]  practitioner  with  the  ndranca  in 

u  a  mauual   admirablr  Rdapted  In    this    tubjeol.— TAe    P\vnrian    a*i 

(etch  the  beginner  the  eueutiuls  of  |  Siirgri/n, 

physiology,   and    (o   acquaint    the  | 

CONDIE  (D.  FRANCIS).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES OF  CHILDREN,    Sixth  editiuu,  reiiaed  and  eolamd.    la 

one  Urge  8yo.  Tolume  of  71S  pagea.    Cloth,  |5.a5. 

OORNIL  (V.).  SYpniLIS:  ITS  MORBID  ANATOMY.  DlAONtt- 
SIS  AND  TKEATMENT.  TrauaUled,  with  Notes  and  Addition.  ^ 
J.  llEKRT   C.   SlHEH,  M.D.  Bod  J.  WlLLIAM    WHITS,  M.  D.     Iq  DM 

8vo.  vulum«  of  Idl  page*,  with  84  illustradons.    Cloth,  $3.75. 

CROCKETT  (M.  A.).  A  POCKET  TEXT-BOOK  OF  DISEASES 
OF  WOMEN.  In  one  hnndKue  12mo.  volume  of  SfiN  pai;e«.  '•i»> 
107  illuitnitioiiB.  Cloth,  $1.50.  jirl ;  flexible  leather  $3.00,  ift. 
Imi'i  Serif  oj  I'ockti  Tat-biioti,  edited  bj  Bekn  B.  Oallal-det. 
H.  D.  See  page  18. 
Thisi*.  like  all  the  other  iniiniinis  I  book    fur   pracli lionets. — 8l  Ldml* 

in  Ihii-  series,a  musteivelleul  fu'iAn    itedical  and  Surfficai  Journal. 

or  ttudenU  and  n  bandy  reference ' 
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Iq  such  a  book  as  thia  the  malioal   i 


Clotli,  $3.50.  net. 


profeasiun  will  Gnij  ti  wonderful  all; ;  ukI  proiiertita,- 
it  U  remarkkbl;  compltle  in  every  Wonthli/  Journal 
detail,  giving  the  ivBullit  of  mialfaea 


CULBRBTU  (DAVIU  M.  R.).   MATBEIA  MEDICA  AND  PHAR. 

MACOLOQY.     Thin]  edition.      In  one  bandsome  ocuto  Tolume 

of  90.''  P<u;m,  witli  47;i  illiutratioDi.    Clulh,  f4.;5,  utt. 
A  Bf  »<lFiiiatic  and  thorough  trca-  I  aa  well  dh   richai'ie  nf  illuatratioii, 
liae  on  the  enlirc  Unleria  Hedica,    Ihii    couvcuirut    volnme    has    no 
animal,  vegetable  and  mineral.     In  |  paralled  on  itesubjeet. 
detail  and  abuadaDocoriaforiaation, 
OUSHNT   (ARTHUR  R.).  TEXT-BOOK  OF  PHARMACOLOGY. 

Third  editiod.    Handaome  Svo.,  TSO  pagen,   irith  62  illoBtratiDnii. 

Cloth.  $3.76,  ntl ;   leather,  $4.75,  net. 
The  beat  eipoeition  of  our  know),   acqiiaialinglhemselvea  with  the  verj 
edjce  of  pharmacology  irbich  has  yet   latest  fcuowledgi.'  on  tbii  very  im- 
been  given  to  the  medieal  publio.   portaiil  subject.— rAeJfoTi(rm/jf «!■ 
W«  can  cordially  recommend  it  to    ical  Joamal. 
dU  our  readers  who  are  desirous  of  i 
DAIiTON  (JOHN  C).   A  TREATISE  ON  HUMAN  PHYSIOLOGY. 

Serentb  edition.     Octavo,  723  pages,  with  tS'l  engravings.    Clolh, 

Its :  leather,  (6. 
DOCTRINES  OP  THE  CIRCULATION  OF  THE  BLOOD.  In 
one  handaome  12nio.  Tolume  of  2B3  pages.    Cloth.  $2. 
DAVENPORT  (P.  H,|.      DISEASES  OF  WOMEN.      A   Manual  of 
Gynecology.      For   the  use  of  Stndenia  and   Practitinnera.    Fourth 
edjtion.    In  one  handsome   l2mo.  volume   of  402   pages,  «iLh   1&4 
iUuBtcations.     Doth.  }I.7J>,  net. 
Dr.    Davenport   has   the    happy   knowing,  and  presents  these  princi- 
fiwulty  of  selecting  just  those  points  !  pies  in  a  clear,  concise  and  thorough 
in  gyaecoloB:icBl  iheropeutics   and  '  manner.    The  book  can  he  highly 
surgery  which thestudeijtand junior   commended. —  Tht  Medical  Age. 
practitioner  moat  Bland  in  need  of, 

DAVIS  (EDWAKD  P.I.     A  TREATISE  ON  OBSTETRICS.    FOB 

HTUDENTS   AND    PRAtTITIOtJERS.      In  one  verv    handsome 

octavo  volume  of  546  paees,  with  217   engravings  and  30  full-page 

plates  in  colon  and  monochrome.    Cloth,  t^;  leather.  $fl. 

From  a  practical  standpoint  the    tboroughly  seientiGo  and    brilliant 

work  ii  all  that  oould  be  desirFd.  A  ,  treatise  on  obstetrics.  —Med.  Awl. 

UAVI8|F.  H.I.    LECTURES  ON  CUNICAL  MEDICINE,    Seoond 

edition.    In  one  I2mo.  volume  of  2S7  pages.    Cloth,  ti.75. 
DB  LA  BEOMETS  GEOLOGICAL  OBSERVER.    luonalarga  ocUvo 

volume  of  700  pages,  with  300  engravings.    Cloth.  $4. 
DBNNIS  (FRBDEKICS.)  AND  BUjLINOS  (JOHN  S.).  A  SYS- 
TEM  OF   SURGERY.      In   conlribntions  by  American   Authors. 
I                    Complete  work  in  four  very  bandsome  oatavo  volnmei,  containing 
■                 3662  pagea,  witb  1686  engravings  and  45  full-page  plates  in   cOloir 
H  and   monochrome.     Per  volume,  eioth,  U.<H):  leather,  " 
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DBRODM    (FBANCIS    X.).     EDITOR.       A    TEXTBOOE    ON 

NERVOUS  DISEASES.    By  AmeriiMn  Aathora.     In  one  huidtamc 
octsTu  YoluDiH  of  1054  pagci,  Villi  ii\  engrBvingi  aiid  7  colored  pUto. 

DE  SOHWEINITZ  (OBOROE  £.).  THETOXTC  AMBLYOPIAS. 
Their  CloBaification.  Uistnrf.  S]im|itom9,  Pathology  and  Trealatelit. 
Very  hAiidume  octavo,  34()  pagM,  16  eDgraTiaga,  and  9  ftiU^Mfe 
platea  In  cnlura.    Di'  luxe  bioding,  t4.  ntt. 

DRAPE31  (JOHN  O.  MEDICAL  PHYSICS.  A  TeiVbook  for  Sto- 
dcuta  and  Pr&ctitioDera  of  Medicine.  In  oae  baDdioiae  ootaTO  volume 
<if  731  pagL>s,  cith  376  eiigraTings.    Cloth,  $4. 

DRUlTTlROBKBT).  THE  PRINCIPLES  ANI>  PRACTICE  OF 
MODEUN  SURGERY,  Twelfth  Edition.  OcUvo,  i)fl3  j.agM,  oilb 
373  engmviDgn.    Clotli,$4;  lenther,  $5. 

DUANE  (AIjBXANDEUV].  A  DICTIONARY  OF  MEDICINE  AND 
THE  ALLIED  SCIENCES.  Comprisine  the  ProouncUUoa,  Derin- 
tiou  and  Full  Explanation  of  Metfleal.  Dental.  Phurniaceulioiil  tai 
Vftcrinury  Termi.  Tueetlicr  with  much  CoUateial  Desoriptii 
ter,  Numeruui  Tables,  eio.  Fourth  edition,  with  appendix.  Saam 
octaroorsSB  lutges,  with  ;^  colored  pl«l«a  and  thumb  indtx.  Cldd 
93.00.  iifl ;  limp  leather,  $1.00,  net. 
'"  "  f  of  the  modern  luarveUj  puree.  For  the  aludful  t 
■"•—''■  of  Hohol-  practitioner  it  is  'lecideillj 
ced  with-  book  in  ita  line.— TAn 
y  modest   iVacI if iontr. 


Cloth,  $5.00,  'Ht;  leather,  $6.00,  nef ;  half  l^orocoo,  t6.S0.  ntt.' 
Dudley  has  more  than  revieed  bis  |  anil  beljifut  lo  the  stadeot,  a> 

book ;  he  haa  given  us  so  much  new  '  graphiotlty    cariv    to    the    t ,, 

matter  and  rewritten  no  much  of  the  '  through  the  c^e,  deluil  in  l(«hiiiqM 

old  tliat  it  id  practically  n  new  work,   thnt  is  impocBible  to  uudcratand  ar^ 

All  of  the   drawings  iind  colored 'approbate  from  text. — The  Joum 

plaleinre  tH'Sulifiil ;  but,  what  ib  of  jo)  the  Amerirnn    MtiUml  Aim 

more  Importjinci',  they  arr  pruoticnl !  I 

DUNGLISON  (ROBLEnr).   A  DICTIONARY  OF  MEDICAL  E 

ENCE.    CoutaiuinE  a  full  exptanatiun  ol  the  varioiu  nilgectB  __ 

terms  of  Anatomy,  PhyBioloj^,  Medical  Chemlatr^,  Pharmacy,  Pha 

roaoolugy,  Therapeulica,  Medicine.  Hygiene,  Dietelica,  Pathulon,  8o 

gery,  Ophtlialmology,  Otology,  Laiyngology,  Dermatology,  Ctyne 

ugy,  Obatetrics,  Pediatrics,  Medical  Juriaprudence.  Dentts^,  i 


tioD,  Accentuation  and  I 


r  the  Terms. 


index.    Cluth.$7.00,  Ifel;  leal  her,  fS.OO,  A'cf.    This  edit  i 

(K>rtra<t  of  Dr.  Dunglison. 

Covering  the  entire  field  of  medi-  Pronunciation  is  indicated  by  the 

tine,   surgery   and    the    oollalerBl  pbonelicsystem.  The  definitions  are 

~  icuo«s,    its    range    of    UKrulnesd  uuununlly  clear  and  oonoiw.    The 

..n  Maroely  be  measured.— if fi'di'm'  book  is  wholly   sntialii 

I  JUevrd.  venilji  iftdical  Magaiinl 


Lea  BttoTHUBa  A  Co.,  pHri.AiiEi.t-MtA  and  New  Yokk. 

DUNHAM  (BDWARD    K.).      MORBID    AND    NORMA 

TOLOGY.    Octnyo.  450  pageMfilh  3H3  illUBtmtions.  Clolli,  *3.26.  n 
The  best  one-vulurae  t«Xt  or  refrr-  I  of  publiahod  in  America.— F.Vyirii 
encv  bodk  on  bislulngj  that  we  kauw  I  Mtiiicnt  Sr.mi-Monihiy. 


ECKLEY  iWlLLIAH  T.).    A  GUIDE  TO  DISSECTION  OP  THE 
HUMAN  BODY.    OuUvo,  400  pages,  S20  iJlaatrotJoiia  In  black  aail 
etAnn.     Cloth,  t3..5()  nrt. 
All  I'icecdinglj  useful  bund-book   and  the  texiplain  hi 

fiir  Ihc  atudeat,  prenar«]  to  be  UNrd  I  rogard  it  as  >  most  pxcellcnt  Iwok. 

inconnecUonwithlheniOBl  popular   A'oiftnl/e  Journal  «/  Mcdiciw  ami 

tetl-boiika  of  tliE   ilay,  (iray  andlSurgrry. 

<ierri!-h     Tnc  srrangi-menl  in  good  | 

EOKLBIT  (WIIjLIAIH   T.)-     EEGIONAL   ANATOMY    Ol"   THE 

HEADAND   NECK.     Octavo,  340  pages,  wilb  36  c 

20  plates  in  black  and  oclora.    Cloth,  |2  50,  net. 

A  most  eicvllenl  work  of  ecpMial '  that  chapter.    The  ensravinga,  and 

inti'rest  to  the  deoliit.     It  ia  aeldoni    esptcially   the    colored    plalea,   are 

one  acts  a  book  u>  well  arranged  and  ;  rme  and  if  the  aluilent  cannot  Bets 

•0  conciael?  written  aa  this  one.    Atltiorrect   undentanclinE   from  _  their 

Ihe  end  of  each  ehapler  quiz  ijucs-  study  it  mutt  cerlainly  be  hi*  own 

tioua  are  given  covering  liie  text  in    fault,— 7'Ar  Denial  Sumnuiry, 

TEXT-BOOK  OF  THERAPEUTICS  AND 

.  In  uue  Sto.  volume  of  544  pagea.  Cloth,  t3-SU. 

GDIS  (ARTHUR  W.l.  DISEASES  OF  WOMEN.  A  Manual  for 
Student*  and  Praotitioneta.  InonehandaoineSTO.voloinflof  676  pagea, 
with  148  angimTinga,    Cloth,  $3. 

EGBERT  (SENECA).    A   MANUAL  OF   HYGIENE  AND  SANI- 
TATION.    Sfcond  edilion.     In   one   lamo,   volume  of  127  pages, 
with  77  iltuiirationa.     Cloth,  nrt.  t2.2r>. 
It  ie  written  in  plain  lariguaRC, '  ligence.    The  writer  fau  ailnpted  it 

and,  while  primarily  designed  for  i  to    American    contlitiona,   and    Ilia 

physiciuna,  it  can  b«  studied  with    auggeations  are,  above  alt,  pnutieal. 

pnifil  by  any  one  of  ordinary  inlel- 1  —The  Xew  Yorb  Ufdieal  Journal. 


EliUB  lOBORCE  VINER).  DEMONSTRATIONS  IN  ANATOMY. 
I^ightb  edition.  Octavo,  716  pagea,  with  249  engravinga.  Cloth, 
(4.-25;  leather,  $5.26. 

GHHBT  iTUOMAS   ADDIB^.    THE  PRINCIPLES  AND  PHAC- 

ITlCEOFGYNJiCOLOOY.    Thini  edition.   Octavo,  S8U  pagea,  with 
150  original  engravings.    Cloth,  (5;  leather,  $6. 


E3UCUBEN  (JOHN  B.).    THE   SCIENCE   AND   AKT  OF   SUK- 
GERY.     Eighth  edition.    In  txo  large  octavo  voiumea  Dontaining 

2316  pagea,  with  9S4  engravinga.    Cloth,  (9;  leather.  tH. 
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10     LiA  Brothkkb  ft  Co.,  Philadklphia  and  Nbw  Tokk. 

KVANS  (DAVID  J.).    A  POCKET  TEXT-BOOK  OF  OBSTETRirS. 

In  one  hiintlaome  12mQ.  volilme  of  40<)  pages,  wilh  H8  illiulnitioiuL 
Cloth,  $1.76.  Net;    limp  leulher,  fVih,  net.   Lea-'t  Sfrira  of  Poctxt 
Tcxt-houla,  edited  by  Bkrn  B.  Gai-laudkt,  M.D.  See  p  lis. 
Writti^n  Tor  Ihe  mrdical  tludenl  I  It  iscompcDilioiu,  conciw  ondmili- 
und  pnclitioner  by  nne  whuae  u-   ly  intdtiei*^'^,  civing  the  scwntiil* 
perience,  both  olinical  ■nil  tencliinit,   ol  its  nihjcfl  in   iW  muM   mixlvin 
hM  Bpfoi^lly  fitted  hiai  Tor  the  tMk.  |  Bspccl,— 7ndioiia  Medical  Jaunuil. 
EWINO  (JAME81  ON  THE  BLOOD  AND  ITS  DISEASES      HAnd- 
■nme  octavo,  1211  pnges,  2B  engniviogi,  14  colored  plAlc*.    CI<>lli. 
(3.50. »«, 
The    huok    aiimH    Dp    pracUcAlly  I  nrhrinitlulo^,  but  al«o  M  a  wort  r/ 
everything   of  imporlnncc  that   ii   rrfbrence  nn   Ihe  patholugy  of  iIm 
knovn   coucerttrue    blood    di«ea sea.    blood. — BoiilonMediealai^Sttr^ual 
The  Tork  Bhould  Iv  of  great  THltic,    Jniintal. 
Hilt  only  aa  ■  oinnunl  for  Etudenlll 

EXAMINATION  SERIES  iSTAIT]  BOARD),  Be«  piig.- 2fi. 

PARQUHARSON  [ROBRRTl.  A  GLTIDE  TO  TBERAPKUTinS, 
Fourth  AiDeHcRQ  from  fourth  English  edition,  rrviaed  bj  Fbask 
WoODUraY.  M.  D.     In  one  Hino.  votume  of  681  pagea.    aotli,  tSSO. 

FIELD  IGBOROE  P.).    A    MANDAL   OF    DISEASES  OF  THE 
EAR.    Fourth  vdition.    In  one  octavo  voliitne  of  3S1  pAgra,  wiA  71 
engraving!  and  21  colored  pUtea.      CToth,  $3.76. 
PINDLEV  (PALMER  D.).      A  TREATISE  ON   QYNECOLOQI- 
CAT.  DIAIJNOSIS.    OcIhvo.  in  pagea,  310  engraviuga.  *S  pisl*', 
in  hlack  and  colore.    Clorh.  t4  50  ^  lenlher,  J^.'i.'iU,  ni4.    Jutl  rtadn. 
Uedtcal  lilerallire  in  Ihe  Englinh  jniiircaients  of  those   who  Imtt 
lungDiige  haa  not  hitherto  included    felt  the  need  of  more  comiirehmwre 
B  work  on  Ibianubiecl.    In  iheeRort   and  pmctind  iiifbrmatiuo  lliancan 
to    Bupnly    thin   deaidemtum      the   lie  given  in  the  geac;al  lcit-bi>«ka 
nullior  has  aimed   to  Balisfi-  Ihe  re- 1  on  gynwology. 

FLINT  1AC8TIN1.    A   TREATISE   ON   THE   PRINCIPLES  AND 

PRACTICE   OF   MEDICINE.    Seventh  edition,  thomtglllr  Mvted 

by  FRtcuRRicK  P.  Hesbt.  M  D.    In  one  large  8to.  volnnw  of  tltf 

pagea,  with  engravinga.    Cloth.  $6.00 ;  leather,  fS.OO. 

The  work  hiu  well  mrned  its  tend-  I     The  beat  of  Amerioan  tut-bo^ 

jni>  place  in   medical  lilenilure. —    on  Practice, — Amer.MtiUcit-JSurgltnl 

Mfditnl  Rteord.  BiUlrlin. 

FLINT  (AUSTINl.  A  PRACTICAL  TREATISE  ON  THE  DIAQ- 
N081S  AND  TREATMENT  OF  DISEASES  OF  THE  HEABT. 
Second  edition  enlarged.   I n  one  nclavo  volume  of  550  pagea.   Ctath,(t, 

FLINT  (ACSTINl.  ON  PHTHISIS;  ITS  MORBID  ANATOMY. 
ETI0Lt3GY,  ETC.  A  Series  of  Clinical  Lecturea.      Svo.  «3  iMfW- 

Cloth.  11.50. 

FOUOH  (C.  P.).    STATUTES  OF  U.  S.  ON  CrSTODY  OP  THE 
INSANE.    Hvo.,  lOH  paeet.    Cloth,  $1.60.    With  ClaiuMN  mi  JVfMtof 
'   '"■-■»,  $6.00,  wJ,  for  Ihe  two  work*. 
lElMULARY,  POCKET.  aei>  iwge  IIS. 


Lka  Biu/rHEiw  ft  Co.,  Philadelphia  and  Nf.tt  York. 

FOSTER  (MIOHAEI.).    A  TEXT-BOOK  OF  PHYSIOLOGY.    _ 

and  revisnl  American  from  the  riith  ED)[lish  edjtjna.    la  noe  large 

oclavo  vnUme  of  923  pii.,  wilh  257  illiia.     Cloth.  W.SO  ;  Wther,  tS.Sf 

Unqut'stionably  (lie  tiest  book  Ihat    busy  phjsiciun  it  nui   Bcaroely  be 

esn  be  placed  in  the  sludeiit'fthandi,   excel]ed.—  ThtP/iila.Po!yelin-' 

and  u  a  work  of  reference  f)ir  the  i 

FOTHERGIIili  IJ.  KILNBIR).  THE  PRACTITIONER'S  HAND- 
BOOK OF  TKEATUENT.  Third  edition.  In  one  handsome  octavo 
voliune  of  604  page*.     CloUi,  $3.75 ;  leather,  W-'S. 

POWNE8  (GEOROBl.  A  MANUAL  OF  ELEMENTARY  CHEM. 
ISTRY  (INORGANIC  AND  ORGANIC).  Twelfth  edition.  Em- 
bodying WaTIS'  Phytieal  and  Inorganic  Chtmidry.  IZmo.,  1061 
pBgeH,  leSeiigrayingB,  and  I  colored  plate.    CloUi,$2,T5;  lea tiier,  (3.25. 

FBANKLAND  (K.)  AND  JAPP(F,R.].  INORGANIC  CHEMISTRY. 

In  one  himdaome  netavo  volume  of  677  pagrs,  with  61  engravings  and 
3pUt».     Cloth,  t3.76 ;  ltailher,«.75. 

FITLLER  (ECGENE).  DISORDERS  OF  THE  SEXDAL  OR- 
GANS IN  THE  MALE.  In  one  very  handsoinii  oetavo  volume  of 
2;iS  pages,  irith  25  engraringi  and  6  fiitl-pagc  platis.  Clolh,  $2. 
The  book  is  valuable  and  inatrua- 1  whose  trealraenl  hai  been  loo  oAod 

tive   and   brings    viem    uf  sound    fruitless   fur    good.  —  Jnna/>    of 

pathology  and  rational  treatment  to  I  t/urgery. 

many  cases  of  sexual  dlBturbatice  | 

QAl^LAUDET  (HERN  B.).  A  POCKET  TEXT-BOOK  ON  SUR- 
GERY. In  one  handsome  1-Jmo.  volume  of  about  400  pages,  villi  many 
illuslraliotis    Shortli/.    Lea'i  Serittof  Pocktt  Teit-baokt.    See  page  18. 

GANT  (FREDERICK  JAH£B).  THE  STUDENT'S  SURGERY.  A 
Multum  in  Parvo.  Id  one  square  octavo  volume  of  845  pages,  vith 
159  engraviags.    Cloth,  $3.76. 

OAYI^HI)  (HARVEY  R.)  and  ASCHOFF  iHTDWIG).    THE 

PRINC1PLK.S  OK  PATHOLOGICAL  HISTOLOGY.    With  an  in- 

troduclory  note  by  WILLIAM  II.  WblcH,  U.  D.     Quarlu,  354  pages, 

with  81  engravings  ami  40  fnll-paj^  pLites.    Cloth,  t7.50,  nel. 

Adinimlily  airangwi  and  beauti- ,  lion  of  a  work  whieh  should  b*  in 

fully  illustrated.    The  anihorK  are    the  handsercverysludCDt  of  morbid 

to  M  congratalated  on  Ihe  produc-    histology .—Lonrfnn  Praettiimitr. 

OERRtSH  (FREDERIC  H.).    A   TEXT-BOOK  OF  ANATOMY. 

By  American  Anthors.  Edited  by  Frederic  H.  Gerrish.M.  D.   Second 

Edilion.    In  one  imp.  octavo  volnrae  of  937  mga,  with  1003  illiutlra- 

tions  io  black  and  colors.    Cloth,  ta..50i    leather,  $7.50,  net;    half 

Morocco.  $8.00,  lift. 

The  illustmions  far  outnumber       The  teil  is  nceurate.  eoiioise.  and 

ftnd  exceed  iu  eiie  smd  in  profusion   gives  the   essentials  of  descriptive 

ofoolon  Ihirtein  any  previous  work ;   annlomy  with  less  wast*  of  words  and 

ttod  they  can  well  claim  to  be  the   better  em  phsils  oriniixirtiiiil 

most  sueoemful  wries  of  analnmicut    rhan  any    similar   text-book 

pictures  in  the  v,nr\<i.—nii  AmrH- .  which  we  nrp  fiiinilinr.-r' 

Ml  PraclUioiitr  and  Jfnn.  \  UtdienS  and  Suiyiail  Jb 


B'llon    ^^^H 
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GmBES  (HBNEAGE).  PRACTICAL  PATHOLOGY  AND  MORBID 
HISTOLOGY.  Octayo,  314  pages,  with  60  Uliutrations.  Cloth,  $2.75. 

GRAY  (HENRY).  ANATOMY,  DESCRIPTIVE  AND  SURGI- 
CAL. New  fifteenth  edition  thoroughly  revised.  In  one  imperial 
octavo  volume  of  1249  pages,  with  780  large  and  elaborate  engrav- 
ings. Price  with  illustrations  in  colors,  cloth,  $6.25,  net ;  leather, 
$7.25,  net.  Price,  with  illastrations  in  black,  cloth,  $5.60 ;  leather, 
$6.50,  ngi. 


This  is  the  best  single  volume 
upon  Anatomy  in  the  English 
language. —  Univertity  Medical  Mag- 
ojrine. 


The  most  lar^ly  used  anatomical 
text-book  published  in  the  English 
language. — AnnaU  rf  Surgery. 

Gray's  Anatomy  affords  the  student 


Holds  first  place  in  the  esteem  of '  more  satisfaction  than  any  other 
both  teachers  and  students. — The  '  treatise  with  which  we  are  familiar. 
Brooklyn  Medical  Journal,  :  — Buffalo  Med.  Journal. 

GRAYSON  (CHARLES  P.).  DISEASES  OF  THE  THROAT, 
NOSE.  AND  ASSOCIATED  AFFECTIONS  OF  THE  EAR.    In 

one  handsome  octavo  volume  of  548  pages,  with  129  engravings  and 
8  plates  in  colors  and  monochrome.    Cloth,  $3.50,  net. 

It  is   a   practical  book,  telling,  and  it  is  proportionately  valuable. 

"  not  onlv  what  to  do,  but  how  to  do  The  book  is  well  written  and  is  a 

it."  Under  "Treatment,"  the  author  serviceable  and  practical  addition  to 

is  very  evidently  and  sincerely  giv-  the  literature  of  the  sulyects  treated, 

ing,   not    compilations   from    other  — Medical  Record. 
men's  work,  but  his  own  experiences, 

GREEN  (T.  HENRY).  PATHOLOGY  AND  MORBID  ANATOMY 
Ninth  edition.  In  one  handsome  octavo  volume  of  577  pages,  with 
339  engravings  and  4  colored  plates.     Cloth,  $3.25,  net. 

The  work  is  an  essential  to  the  |  date  text-books. —  Virginia  Medical 
practitioner — whether  as  surgeon  or  ,  Monthly. 
physician.     It  is  the  best  of  up-to- 1 

GREENE  (WILLIAM  H.).  A  MANUAL  OF  MEDICAL  CHEM- 
ISTRY. For  the  Use  of  Students.  Based  upon  Bowman's  Medical 
Chemistry.    In  one  r2mo.  vol.  of  310  pages,  with  74  illus.   Cloth,  $1 .75. 

GROSS  (SAMUEL  D.).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES, INJURIES  AND  MALFORMATIONS  OF  THE  URINARY 
BLADDER,  THE  PROSTATE  ULAND  AND  THE  URETHRA. 
Third  edition.    Octavo,  574  pages,  with  170  illustrations    Cloth,  $4.50. 

GRINDON  (JOSEPH).  A  POCKET  TEXT-BOOK  OF  SKIN 
DISEASES.  In  one  handsome  12mo.  voluuje  of  367  pages,  with  39 
illustmtious.  Cloth,  $2. OO;  HcxJble  leather,  $2.50,  nc/.  Lca^s  Series 
of  Pocket   Text-hooks,  edited   by  Bern   B.  Gallaudet,  M.D.     See 

pagt'  18. 

A  compendious  and   trustworthy  tology.    As  a  therapeutic  adviser  for 

guide  book   for  the  practitiouer  as  the  doctor  it  is  replete  with  direc- 

well     as    student,    embodying     the  tions   and    valuable   formulie. — The 

most  recent  <levelopmeiits  in  drrma-  Vo.  Mrdiral  Sctni-Monthly. 

Gl^KNTHKUiA.  P:.  ANDT.  <\).    AN  EPIH  )ME  OF  PHYSIOLOGY. 

12nio,  22")  pai(c8,  .Ihistiated.     Cloth,  -^LOd,  ////.     Lca't;  Sirif\^  of  Afrdi- 
cal  Epitomes.     See  J>age  18. 
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UALV  fWINFIELD  S.).  TEXT-BOOK  OF  PHYSIOLOGY.  OoUto  ] 

of  ffli  pages,  wilh  343  engraving,  and  6  fall  pftge  colored  pl&Ua,  ] 

Cloth,  KOO;   Imther,  t:>.aD,  "el.  I 

The   clearDesB    vith   which   of  which  ueeds  to  be  more  itronglr  J 

physiological  fact)  arc  detnonBlTsted  '  im^reasell  apoa  Htudents     A  book  I 

makes  it    of  apeoial   value  tu  thr  '  which  makes  this  bo  easily  posiible  J 

iDrdical  aliiitenL      The    •oleucc    of   is  to  lie  highly  eomniendBd.— IVWfr  | 

phyainlogy   is  line,  the   imporlatioe    em  iftJical  Revieu: 

HAHIliTON  lALlAN  HCIiANE).    NERVOUS  DISEASES,  THEIR   ] 
DESCRIPTION  AND  TREATMENT.    Senoad  uid  revised  edition. 
In  one  ootaio  volume  of  598  pages,  with  73  engnvings.    Cloth,  S4. 

HARDAWAV  (W.  A.).    MANUAL  OF  SKIN  DISEASES.    Second 

edition.  In  one  12mo.  volume  of  .'^  pages,  with  40  illuBtnitions  and 

Splutea,    Ciotli,t!.25,  net. 

Tlie  best  of  all  the  buisII  books  tu   day  cllaicitJ  experience.    Ois  great 

recuiumend  Co  stiidenbi  and  pnwli-  |  slrcoglh  is  in  diagnosis,  descriptions 

"roliably   no   one   of   our  l  of  l-aions  and    eapecisllv    in    Ireal- 

._._..^_,^j._,. I .      '-diana  Mfdical  Jo<i,e»al. 


dennalologiBl 


hadawiderevery- 1 


HAKE  fHOBART  AHORY).  PRACTICAL  DIAGNOSIS.  THE 
USEOFBYMPTOMSINTHE  DIAGNOSIS  OF  DISEASE.  Fifth 
edition.  Id  one  octavo  volume  of  727  pages,  with  t'K  engravings 
and  3.1  full-pnge  oolored  plules.  Cloth,  ibM,  iitt;  leather,  iHM, 
nrl;  half  Morocou,  »6.50,  net. 

It  is  uniqne  in  many  respects,  and  he  will    beeome  k  better  diagnosti- 

the  author  has    introduced  niilical  cjan.   This  is  a  eompanion  lo  J^ae- 

chao^es  which  will  be  welcomed  bv  lical    ThtrapriUiei,    by    the   same 

all.    Anyone  who  rawJs  this  book  aathar,«ndit  ii  difficult  to  conceive 

will  become  a  more  aoule  observer,  ofaoy  two  worksorgreaterpraetical 

r  more  attention  lo  the  simple  alili^. — JUedieal  Rtvietc, 
e  aigDB  of  diieaae,  and 

HARE  (HOBART  AHORV|.     A    TEXT-BOOK   OF  PRACTICAL 
TH  EKAPF-tlTICS,  with  Special  Reference  lo  the  A  pplieaUon  of  Reme- 
"""'   "' —    ""  '"   "("""ase  and  Iheir  Employment   upon  a  Rational 
:^^g  aubiecls  by  wall-known   specialistt. 


will  par  m 
yet  indica 


With  articles  on  v 


with  1(15  engr 

ts.oc 


half  Uot 


stored  plnte! 


Its  claaiflcations  « 


>,»5.6( 
mitable,  i 


_.    .    .         ^u  be  readily  used  in  connection 

and  tbe  readiness  with  which  any-  with  Uare'a  Practical  Diaguotit. 
thing  cat!  be  found  is  thp  moat  won- !  For  the  needs  of  the  stuilent  and 
derTuI  achievement  of  the  art  of  in- 1  general  practitioner  it  has  no  equal, 
dexing.  This  eililion  takes  in  i\V —Sttdiml  Sa^intl. 
the  latest  discovered  reniediea.^  I  The  beat  plannnl  tlierapeutio  work 
T%tSt.  LimuCli'iii'tt.  of   the    century.— A  mm™  n    Pnte- 

Tbe  great  value  of  the   work   lies  I  tieiatulr  and  A'euv. 
in  the  Ihct  that  pnciae  indications  i     II  is  a  book  precisely  adapted  to 
(or   adminiatraiioD    are  given.     A   the  needs  of  the  busy  pnciilioiief, 

oomplele    iiidei     of     diseases    and  '  who  can  r  " ■'■ 

remedies  makes  it  an  easy  reference   what  he  ni 
work.    It  bas  been  arrangedw  that  ,teaJ  Ratiew. 
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HARE'S  SYSTEM  OF  rRA<TJCAL  THERAPEUTICS.    In  a  wm* 

of  oontribiLtione  by  emineiil  pnictiliouerB.  Sccood  edition.  In  thr«e 
large  oclaVD  valumes  caulaiuiuj;  2S!i;<  pages,  wilh  467  rnKnriiigi 
tad  26  full-page  plntu.  Price  per  volume,  clotb.  t^iM ;  leather, 
$fi.00 ;  hftir  moTOOoo,   (7.00.    Full   proepectus  free  ou   applieatioD. 

For  lair  by  nibacn'ptui] '- 


The  HBre'«  SaitBm 
neo  will  hanllj  be  recogninwl  in 
Inia  new  edition,  >o  coitiplele  are  the 
chanK'f,  «o  exteDded  tbv  disserla- 
(ioD  and  bo  complele  (he  re.drfea. 
The  adaitloui  alone  nre  BuflicieDt  to 
make  a  new  volume.  The  choice  of 
aubjecta  in  wide  and  the  names  of 
■he  Rulhora  are  a  sufficient  guatan- 
lee  of  Ibe  characler  of  the  mode  of 
treaUnent.  The  dominant  feature 
of  the   work,  one   that   the    well- 


known  editor  constant) V  present*,  ii 
the  everj  day  workability  of  lre«t- 
menlB  advocated.  Here  are  no 
li'iigthy  theoretical  dintrtatiotu 
lar|;e1y  padded  by  qnolMtionv  trtiai 
European  authors,  but  cnnoiar,  prao- 
tiral  rules  that  eun  be  made  to  fit 
prestnt-da;  needs.  WllAT.  WHY 
and  BOW  ore  the  questions  with  ref. 
erenoe  to  the  use  of  dru^s  that  the 
authors  answer  —  MrticuUrlr  the 
aow.—M'dieal  Nm*. 

HARB  (HOBART  AMORV)     l>N  THE  MEDICAL   COMPLICA- 
TIONS -VND   UEQUEL.K  OF  TYPHOID  FEVEH.      Octavo,  276 
pagea,  21  eugraviogs  and  two  full-page  plalMi.    Cloth,  $11.40,  nrf. 
A  very  Talnable  production.   Oue   read  with  great  proGt, — ClneiatiH 

of  the  very   best    products  of    Dr.  >  Journal  of  Mediant. 


Har 


!  that  e 


I  McdiraJ  jou 


1  to  dale.. 
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HARRINGTON  (CHARLES).    PRACTICAL  HYGIENE, 
edition.    Uandaome  uvtavii,  75'-  pains,  113  enKniviuiis,  1 
yet,  W.25. 
This  iHMtk  is  by  fur  the  bet>t  work-  rat  the  same  time  iBperfMlJ; 

ing  manual  of  practical  hygieiiethat 'i  with  allied  branches,  wliloh 

has   yet   apneured  in  the  Engtinh  |  neccwary  for  a  full  oomprel 

langui^e.     The  eulijecC  U  bandied  I  uf  the  broad  subji-ot  treated. 

i-iuetdinyly  W'll,  and  shiiwa  that  ■      "  ''  ... 

autbiir  is  u  pruclical  hygieniit,  n 

HARX8HORNE  (HKNRY). 
AND  PHYaiOLOGY,  In  < 
engnvings.     Cloth,  $1.76. 

A  CONSPECrrUS  of  toe  medical  SCIENCES.    Compriwng 

Hanuala  of  Anatomy,  Physiology,  Chemistry,  Malaria  Medio,  Pnw- 
Uoe  of  Medicine,  Surgery  and  Ol>sU'Irio>.  Second  edition.  In  one  royal 
l2ino.  vol.  of  102S  pages,  with  477  lllua.    Cloth,  ^.25 ;  leather.  (R. 

HAYDEN  iJAMES  R.).  A  POCKET  TEXT-HOOK  OF  V?:NEB- 
EAL  DISEASES.  Third  edition.  In  one  13ino.  lolunie  of  304 
pages,   with    SG  ciigruvinis.     Cloth,  (1,76,  nfl.     Flexible  leather. 


t3.i:. 

It  ia  practical. 


icise,   definite  i 
IS  to  be  satli 
riJca'  Ran'ea 


.  written,  np  to  date,  and 

will  be  fiinnd  very   useful. — Inttr- 

niUt'oiKiJ  Medicai  Sfagiuine. 

ATEH  lGEORGES)  and   hare  iH.  A.).    PHYSICAL  AND 

iWATURAL   THERAPEUTICS.    The  Remedial  Use  of  Heat.  Eleo- 

Mcily,  ModifioHlions  of  Atmospherio  Pressure,  Climates  and  HiuerkI 

Waters.    Ediird  by  Prof.  H.  A.  HjtitE.  M.  Ii.      In  one  oeUvo  Tolanc 

If  414  p«ge*,with  113  engravings.    Cloth.  t3- 


HBRHAN  (O.  ERNtari.    FIRST   LINES  IN  UIDWIFEBY.    In 

3ne  12iuo.  vol,  of  198  pages,  with  80  engrsviugs.     Cloth,  fl.36.     Bm 
Stttdettt't  Seriet  0/  Marmait,  pug«  27. 

BKRMANN  (Ij.).  EXPERIMENTAL  PHARMACOLOGY.  A  Hkod- 
book  of  Ihe  Uelhods  for  Delenniaiug  the  Phfiiolajpcal  Actions  of 
Drugs.  TnuiBlBled  b;  Robert  Uuauk  Bmith,  M.  D.  lu  odh  12ma. 
Tolome  ol  199  pagei,  aitfa  32  enKnTingi.     Cloth,  tt.GO. 

BERRIOK  IJAME8  R).    A  HANDBOOK  OF   DIAOIfOSIS.    In 

one  hBadBnme  I2mu.  volume  of  439  pagca,  villi  3D  engraritigs  and  3 

colored  pUt«.    Clorh,  (2.00. 

mly  M  I      Eieellenllj    arranged,    prMllnl, 
th«  undergrailuate,  bat  also  to  the  1  mocUe,   up-l»-dal«,   nnd  eminenliy 
phyaioiu  whodeurtsa  ready  meaua  '  well  fitted  lor  the   use  of  the  pnus   | 
of  refmhiDg  hi*  knowledge  nfdiag- I  [{(loner  aa  wl'II  asoflhe  student.-- 
nosisin  tbeeiigenciesofprofessioiial  :  Chicago  Med.  Recorder. 
\ife.—MempM4  Midical  MonMn. 

,ECTUBE3  ON  CHEMICAL  PATnOLOQY. 
of  454  pages.    Cloth,  $l.T5,n<f(. 

of  dry  data,  but  i«  CDiistanllj  slimu- 

italof  j  lated'lo  nnifiiinl  Ihuughu    ''  '    - -- 
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which    the    profeHiir 
ctiniul  niRlicin«  requires,  ittd  whieb    ' 
nil    sludentB   of  medicine,   old   or 
lungphonld  jioastHi. — Baalim  Mud- 


HILUER  (THOMAS).  A  HANDBOOK  OF  SKIN  DISEASES, 
Seoond  editioD.  In  one  roy&l  ISmo,  volume  of  353  pages,  with  two 
platea.    Cloth,  t2.35. 

HIRST  I BARTOX  C.)  AND  PIERSOL  (GEORGE  A.>.  HUMAM 


HOBLVTt  (RICHARD  D.).  A  DICTIONARY  OF  THE  TERMS 
D8ED  IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES. 
Thirteenth  edition.      In  one   I3ma.  volume  of  845  pagea.     Cluth, 

ilumc  of   almost    fiOli '  thnt  it  has  confe  Ihrnugh  13  editions 
in  i-nsily.rwiil   tvpe, ;  is  an  evidence  that  Ihe  nirdical  pro- 

...    ..|i  lo  date,  embruclni:.    fvaiion   hns   found    it    mwls   their 

iictically  lill  the  ttrmi.    The  fact  I  wanlM.-Cmada  Mrdlml  Rrcml. 

HOLMES  {TDHOTHYl.  A  TREATISE  ON  SURGERY.  Ha  Priu- 
dpln  and  PneUw.  Kiflh  edition.  Edited  by  T,  Picrbbino  Pi(;k- 
F.K.C.S.  InonehandnmeuDtavo  vulonie  of  1008  pages,  with  428  eu. 
gnnngs.    Cloth,  16  ;  leather,  $7. 


A  Co.,  Philadklpru  asd  New  Tokx. 


HOCMKS  (TiMOTHV).   A  SYSTEM  OF  SURGERY.  Witb  notea  and 

Bdditioiu  bj  vkfIoiu  Amerioui  knthnrs.  Edilisdbj  JOHK  H.PaCKAKS, 
M.D.  In  three  Sto.  TolumesooatsinmgSlS?  ptigea.  wiUi979oignTlDgi 
ftad  13  plalea.    Per  Tolume,  oloth,  $6 ;  lefttber,  $7. 

HUNTINGTON  (GEORGE  8.).    A  TREATISE  ON  AUDOMISAI. 

ANATOMY.     Quarto,  590|>agf«  tnoliiiliag  300   f\ill-p>ii.'e  fAtteu  ia 

liUck  mid  colora,  ciintkEiiinf;  M'l   liyum.    De  luie  binding,  (10.00, 

nrt^    Jutl  ready- 

The  myaterieii  of  tbe  PeriloneDin    hitherln  cliflicii!!    and    complioiuil 

aiid  Abdumiaal  ravity  pirticnlarl;    marphoIogicBl   pniblcmi   prewnted 

Goncern  ndntumiittB,  surgeons,  gvtie-   liy    ihme    regions.      The    bonk    is 

oologisIH  and  obstflriuiuns,  antf  in-   UDi(|ne  in  its  marrellouB  wealUi  of 

lenM  the  (Knenil  pmctitionvr  to  »    lilUBtnitioiiB,  umimntiDg  pnclicaUj 

degn-u  Boarcely  less.    This  eoiapre-   to  an  Atlas,  with  full  eiptanilory 

pheusiveandnutliDritfitivework  will    text.    Thi'  slruRtiiral  delaib  of  the 

tbtri^nire   iLppenl    to  an  uausually    Human  Civcuni  and  Appendix  ai* 

wide  oDnslJtutiicy  of  readers.     Dr.    conaiiiered  verj   rally  hy  ivmoD  of 

Huntington    has    approached    the   the  enlensire  mnieriol  avHil able  and 

sal^Fct  in  the  light  tbmwn  upon  it   tht  pammnunt  ctiaiciil  imporluin 

by    embryology    and    onmjmmtive  I  of  these  <>uhjectn. 

anatomy,    thereby    olnrlfj-ing    the  | 


ingB  and  T, 

leather,  (6.50,  nri;  bairMor 

This  edition  has  been  carefully  re-   eulcatrd  tbraughout  U  aound  u  well 

vised,  and  every   rial  advuiDe  has '  as  pnuJtiwd.— 7'*e  Amtrieaa  Jour- 

been  recognized.    The  work  HDSwers   nal  of  Iht  Medical  Sclei 


the  beat  one-volume  worli 
that  we  know. —  Virginia  Mrdital 
Semi-Moathty. 

A  full  and  thoroughly  modern 
teit-book  on  dermatology,  —  Thr 
PUUbMTg  ifediciU  Jtrviev, 

The  most  pnio^cal  handbook  on 
dermatology  with  wbicb  we  nre  so- 
(juainled,  —  Chicago    Medical    Re- 


the  needeof  tbe  general  practilii 
the  speclaliat,  and  tbe  student. — 3%t 
Ohio  Med.  Jour. 

A  treatise  of  exceptional  merit 
oharacteriied  by  consci'^tioiii  care 
and  scientific  Hccuracy- —  5"ffb/o 
Mfd.  JouTiml. 

A  complete  eipositlon  of  oar 
knowledge  of  cutaneous  medicine  as 
it  eiisla  to-day.    The  teaching  in- 

JACKSON  (GEORGE  THOMABl.    THE   READY-REFERENCE 

HANDBOOK    OF    DISEASES   OF    THE    SKIN,     Fourth  ediUou. 

Id  one  13mo.  volume  of  RI7  pages,  with  82  illustrations  and  3  colored 

plates.     Cloth,  tL>.7/i,  int. 

As  a  student's  mauuBl,  it  may  be  i      Without  doubt  forma  one  of  the 

eonsidered  beyond  criticism.     The   lietl  euides  for  the  beginner  in  dci^ 

..__..         ..    ..._.....  .,..1      r..    .     "I .  motolosy  tlint  is  lo  be  found  in  Ibe 

Engtisb  language. — iltdiciiit. 

'\  JAIMIBSON  (W.  ALLAN).    DISEASES   OF   THE   SKIN.     ThlM 

editiciD.     In  one  neUvo  volume  nl  dSS  jiagM,  with  I  eiigraviug  and  9 
dauble-i«gi'  cbnimo-litliugraphle  pUtca.    Clolh,  |6. 


book  ia  singularly  nill.~5e.  La 
.   Meiieal  nndSun^ral  Jonrwt. 
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JEWETT  (CHARLES).  ESSENTIALS  OF  OBSTETRIC8.    Second 
edition.     In  one  12iiio.  volume  of  38.')  pagM,  with  60  engraTings  and 
:.  colored  platca.     Ooth,  »2.25. 
An  exeeedinglf  oiefii]  mHDUHl  for  i  in);  it  in  ntlrsctive  and  cuilr  tangi- 

stiident  and  pmclilioncr.    The  an- 1  We  form.    The  liook  is  -well   illus- 

llior  has  Bucoeeded  unusually  well  ■  tratoi  Ihroiighoiit.— JTonAci//*  Jour. 

iiicondenslnfrtheteitandinarriuig- '  ef  Mfdiciiie  and  Surgery. 

.IKWBTT    (CHARLES).      THE    PRACTICE   OF   OBSTETRICS. 

Stcond  rdiliun.     By  American  Anthorn.    OclaTo,  77fi  pBi?c»,  with 

445   eagraviaea   in   black    and    cnlors,   and    35   TuU-puge   colomi 

plates.  Cloth.  ti.OO,  iitt ;  leather,  te.OO,  net :  half  Morocuc,  $0.50,  nrl. 

A  olearand  iiroctioaltreHtisenpon  I  the  book    abounds.     The  work  is 

obstetric!  by  well-known  leaeheri  of    lUre  to   be   pouuliir    with    misiiral 

the  aubjeet.    A  *peoial   feature  of  alndenls,  u  well  as  lieinKof  extreme 

this  work  would  Bcem   to    be  the   value  to    the   practitioner.  —  The 

excellent  illiulrations   with  vhioh  ,  Medical  Age. 

JDUSR  (HENRT).  A  HANDBOOK  OP  OPHTHALMIC  SaENCE 
AND  PKAmCE.  Second  edition.  In  one  nctavo  volume  of  M9 
paina,  with  2(11  engravings,  17  chrumo-lilhographicptates,  (est-tirpei  of 
,lHe^K«r  aod  l^nellea,  and  nolmgrea's  Culor-BliudjiCM  Tnt.  Cloth, 
t5.50:  leather,  16.60. 

KKLI.Y  lA.  O-  J.v.  A  MANUAL  OF  THE  PRACTICE  OF  MEDI- 
CINE.   Oclaro  about  60O  piges,  iilusrniled.    PrcjiuHny. 

KINO  (A.  F.  A.).  A  MANUAL  OF  OBSTETRICS.  Eighth  edition. 
In  oM  12mo,  volume  uf  812  page!,  with  3D4  illustrtitiaas.  Cloth, 
(2.60,  nrl. 

lo  finish  it  isthoroujjhly  |0f  nwirly  every  fact  of  importance. 
i_.  ■ !__   __..  I  _f/i,gj„,„  if^j_  S^miilonlhfy. 


KIRK  (EDWARD  C).    OPERATIVE  DENTISTRY.    See  Amtri- 

ean  Text-Jtookt  of  Deniiitry,  page  2. 
KLEIN  (E.).      ELEMENTS    OF  HISTflLOGY.     Fiflh  ediUon.     In 

one   12mo.   volume  of  iUMi  pagea,  with  ■2i)6  engravings.     Cloth,  |2.00. 

nrt.     See  Sludmfi  Serie*  of  .VnnuaU,  poge  27. 
Il  is  the  most  eompleta  and  con-  i     This  work  deservedly  occupies  a 
eiae  work  of  the  kind  llial   has  yet  I  Brut   place  us  a  (eil-book  on    bla- 
euianalvd  from  thepreia.— rA«Jf«d<  I  tologj.—Oanadian lYaclitioner. 
ieal  Agi.  \ 

KOPLIK    (HENRT).       THE    DISEASES    OP   INFANCY   AND 

L'UILDnOOD.     Octnvn,  ii76   pagea  with   1611  engmviugs.  and  M 

plates  in  bliiok  and  colors.  Clotb,  t-rOO;  leather,  ^i.OU,  Hef. 
Cirlainly  (be  Ih«i  biKik  for  atu- ;  with  the  treatment,  which  is  not 
dents  we  have  wen  for  some  time,  as  complex,  but  single  and  positivi-. 
il  iacle*r,aonciiie,  epigrainmBticand  I  with  proper  n-^nrd  to  doaage,  «i> 
certain  in  make  an  imprrsiion  on  often  neglected  in  bookaul  thiskind, 
the  mind  "f  the  reader.  It  is  ftilly  ,  lo  the  detriment  of  the  student.- 
ii]irodttle.     WeaPTipecipilly  pleoaTl '  ('hSrniji-  Miih'nl  lleevrd. 
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IiBA'S  SERIES  OP  POCKET  TEXT-ROOKB.  edhcd  bj  liBttH 
1).  QALl.AnDBT,  M.  1>.  Coveriog  ihp  entire  6fH  at  Utdiciue  in  a 
■eri™  of  18  very  hnndsame  l2mo.  Tolum™  Of  360-626  pspe*  Mieh. 
profusely  illtutmted.  ComiKDdiiiDi,  ol«ar,  tmstworthy  and  modeni. 
The  follaninjc  volumes  cumtilute  the  B«rin. 

CoLLiNsandRocKWEI-t'KPhyMologj,  MARTtKaod  RncKWHi.i.'st'bFin- 
istry  nod  Phvsira.  Miciioi«  and  Vale's  HiaUiloef  and  Fatbiiln^'v. 
BcHLUiP's  uueriu  Medii^  TherspcuticB,  Medical  Latin,  etc.  Ualb 
bary'b  Practice  of  Medicine.  Pom'  Nervous  and  Mvnt*l  Dmc 
Oallacokt's  Surgery.  Haydbn'S  Ven'l  DiBvate!.  GiiiNt 
DermBtoIogv.  BALLBSGBRaDd  WlPPERH's DiaroKt of  llie  Eve, 
Tbroal  and  Now.  Evanb'  Obmetrics.  Crockbtt's  G' 
Ttttlb's  Diwasea  of  Children.  Bockwrll'h  Anaktnif. 
lincl«HDlog7.    Wick's  Nurein);.     DtAr.KOsis.     HA>«iAi>K. 

For  leparate  notioee  aee  under  vi 

IJ4A  IHKNKV  CI.  A  HISTORY  OF  AURICULAR  CONFE 
AND  INDULGENCES  IN  THE  LATIN  CHURCH.  " 
octavo  totumeB  nf  alwut  600  pages  e«ch.     Per  volume,  cluth,  t! 

-CHAPTERS  FROM  THE  RELIGIOUS  HISTORY  OF  SPAIHll 

CENSORSHIP  OF  THE  PRESS;  MY8TJC8  AND  ILLUMINA- 
TI  OK  THE  ENDEMONIADAS:  EL  SANTO  NlSO  DE  LA 
GUARDIA.    12ino.,  522  pages,    aoth,  »3,6fl. 

THE  MORlsroa  < 

EXPUI^ION.    In  on> 

t3.25,  lul. 

SUPERSTITION   AND   FORCE;  ESSAYS  ON  THE  WAGER 

OF   LAW,  THE   WAGER   OF   BATTLE,  THE  ORDEAL  AND 

TORTURE.  Fourth  nlitinD.  thoroughlv  revised.  In  one  hand- 
aome  royal  ISiDO.  volume  of  629  pages,     Cnoth,  ti.1S. 

STUDIES  IN  CHURCH  HISTORY.    The  Rise  of  the  Temporal 

Power— Benefit  of  Clergy— Excommunication,     New  edition.    lu  one 

handmme  ISmu.  volume  of  605  pageii.    Cloth.  (3,50. 

LEA'S  BRRIKS  OP  MBDICAl.  EPITOMES,      Coverino  (he  n- 

lire  field  of  medicine  and  iurf{;ery  in  Iwentv  convenient  v>ituint«  of 
about  250  pages  eneh,  amply  illuBtrnled  tind  written  by  proroineni 
Itochen  and  specialists.  Comjiend  ious,  autborilative  •no  inoileni. 
Fallowing  eaeh  chaiiter  in  a  series  of  questious  which  will  be  found 
eanvenient  in  quEuinu,  The  raries  is  consliluted  as  follows : 
Hale's  Analomj.  Onenther's  Plivtiotngy.  McQIannan'a  Chemislrv 
and  Physics.  Kiepe's  Malvrin  Medic*  and  TherHpeuilM.  Dnylon's 
Practice  of  Medicine.  Hnllis's  Physical  Diagnosis.  Ameill's  Cliiu'eil 
DIagnotia  and  Urinalyaia.  Nagle'a  Nervous  and  Mental  Diseaac'. 
Walhen's  Histology.  Stctlhouse's  Palholojn.  '  Archinsnl'a  Ilaouri- 
ulogiiy.  Hagee  aod  .lohnson's  Surgery.  Alline,  (jriftin  and  Kt-rgn- 
,  un:  Eye,  ^r.  Nose  and  ThroaL  Schmidt's  (lenilo- Urinary  »nd 
Teaereal  Diseases,  Scluilek's  Derniutolngy,  Ptilersen's  G^mecidofty. 
Uanlon's  Obaletrica.  Tuley's  Pediatrics.  D"i}(ht'B  Jurwprudenoe. 
Swlght's  Toxicology. 
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LE  PEVRB  (EGBERT).    A  TEXT-BOOK  OF  PHYSICAL  DIAG- 
NOSIS.    In  one  ISmo.  volume  of  450  pages, with  74  engnvings  knd 
13  pinles.     Cluth,  )2.2i5,  net. 
Thia  book  will  lake  front  rnnk.    mvtliods  us  npulied  tn  the  thorax  are 
It  is  pn-pared  l>y  a  teaciier  of  ei-  '  cmploved  and  expldinwi  with  the 
perience  and  a  olinieian  uf  anc  rni-    vanutions  DecewHiry.     A  DUnlfcr  uf 
pliahnciit.    I.e  FevregivcBadrqiial«  euuravin;)' aud  X-ray  p'atei  < 


f    <lHb 


-Niiffaln       Jl/frfi>- 


.._ 1  all  Ihe  detai 

diagnoiii.     The  ahdtimea    receivci 
detiil|i.il   attention,   and   tlm   an  me 

l-ONG  (BLIH.1.      A  MANUAL  OF  DENTAL  MATERIA  MEDICA   | 
AND  TllBKAPEUTRS.    IStno,  321  pnges,  with  ti  engravinga  and   I 
IE  platea.    Cloth,  $3.00,  net. 
Tbe  aathor'saim  hnsbeen  in  cover  i  sludentand  practi  tinner  as  to  gfneriil 
what  is  emential:  to  Ircut  fully  all  I  rvmcdJFS,  their  preparutinns,  rlosra 
remedies  tiiat  belong  properly  to  (he   aud  usea.    The  value  of  the  wurk  is 
aueeial  field  nf  dental  meilicine;  lo   miieh   enhanced    bf  Ihe   eitt-naive 
dlieuH  briefljr  the  acCioD  and  appli- 1  Index    'if   Drugs,   inclu'liiig   evory 
tino  ot  the  mast  importiinl  i^envral  \  driiK  »F  lociil  or  general  use  thai  Ihe 
renie<lies.  empbaaizing  thow  whose  j  denlist  iiiiiv  have  occnaion  lo  rrfer 
nclion  may  avail  in  dental  di»iisea    lo.     Tbisindci  is.  in  fiict.  agenrral 
and    emergencies,   and   lo   furnish   iherapmtic  rffereaduin  Tor  Ibe  dm- 
multer  fur  reference  that  will  cover   tul  jiravtitioner. 
all  ordinary  demand!  of  Ihe  dcnlul  I 

IjOOimS    lAlSPRED   Ii.)   AND   THOMPSON    (W.   GIIiMAN), 

ED|-rOK8.      A  SYSTEM   OF    PKACTICAL   MEDICINB.      In 

Contributions  by  Various  American  Authors.  In  four  octavo  vot- 
umea  ol  about  t>OD  pages  each,  fully  illustrated  in  black  and  colon. 
Per  volume,  cloth,  (5;  leather,  $0;  half  Moroceo.  (7.  For  Kit  bp 
lubtcripUon  only.    Full  pruspeclus  free  on  application  lo  the  PuIj- 

LTMAN  (HESHTRT  ST.).    THE  PRACTICE  OF  MEDICINE.    In  one 

very  handsome  oelavo  volume  of  935  pagea,  with  170  engravings, 
CTolh,  W.75;  leather,  ». 75. 

MAIBCH  (JOHN  M.).    A    MANUAL   OP   ORGANIC    MATERIA 

MEDICA.     Seventh  edition,  tboroughtv  revraed  by  II. C.  C.  MaibCU, 

Ph.  Q.,  Ph.  D.  lanne  verr  handsome  12mo.  volume  of  E12  pages,  with 

285  engravinga.     Cloth,  t^.50,  nrl. 

Used  as  leil-book  in  every  college  I     The   best  handbook    upon  phnr- 

of  pbsrmaoy  in  the  rnileil   Stales  '  macognosy  of  any  published  in  thia 

and  recommended   in  medicttl  col-   country, — Boilon  ilrd.JcSar.JeuT, 

legeu.— American  Thmxpul.  \ 

BfALBBAKV   (GEORGE    B.>.      A    POCKET   TEXT-BOOK    OP 

THEORY  AND  PRACTICE  OF  MEDICINE.     In  one  handaome 

Umo.  volume  of  40S  liaeea,  with  45  ilhiatrntions.     Cloth,  $1.76,  nrl ; 

flexible  red  leather,  »2.26,  "«,    Lea'i  Sfriri  of  Poettt  Tt-rthnoki, 

edited   by  Bern  B.  QAU-AnuBT,  M.  D.    Seepage  18. 

Will  readily  commend   ittelf  to  I  recent  ndvaurea  in   medicine  wilh 

Bindents    and    buay    praclitjonera.    Ihe   beat  of  that  which  is  old.  — 

bringing  forward  aa'  it  doen  the  most '  Medical  Eevltm  of  Jtevlem. 
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HARSH  (HOWARD).  DISEASES  OP  THK  JOINTS.  Inn 

rolum?  r>r  4SS  pages,  with  64  euj^vings  Rnd  a  colored  plate.  Clotb,) 
See  Serin  of  ainiail  Afaniuiii,  p«ge  25. 


MAKTIN(WAI.TON)ANDROCKWEI,Ij(WTM.H.).    a  POCKH 
TEXT-BOOK  OF  CHEMISTRY  AND  PHYSICS.    In  ene  h*lid- 

some  12ino.  volume  of  3fl6  pagea,  vitli  137  illustralioni.     Clolh,  )l.5n, 
«ft ,-    limp  iMilher,  $3.00,  nel.      Lfa't  Sfriet  of  PodM    TrJl-Baott, 
ediW  iif  Bbrh  li.  Oallaudet,  M.  D.     See  page  18. 
The  worb  flecaratel;  rcHeclH  both  .  ter  is  eicelkaL— IKi!  iftiUtat  « 

Feieneea  in    their  present    dvvflo\i-\Kai-yiC'il  monitor. 

meiit.   The  drruiigeraent  of  Ihe  infti- 1 

MEDICAL  NEWS  POCKET  FORMULARY,  see  |iaK<>  3!, 

MITCHELL  (8.  WEIR).     CLINICAL  LESSONS  ON  NERVOQJ 
DISEASES.    lu  one  1 1mo.  vnlume  of  299  pages,  with  19  CDKimvioi 

and  2  colored  plates.    Cloth,  $2.50. 

Thebi»ltlreBt«orhr«leria.recur-|oontfaction»,  ralaiy  i__ 

real  luetaiicholia,  disnrdere  of  sleep,  the  feeble  minded,  elc.  Few  can 
choreic  movements,  blse  gensalioiiB  speak  with  uore  authority  Ihan  the 
'    -  •'     ■■■      '  ,    hemlplrxic    piiin,  |  author.— rAiJbiirna/o/ (A*  ,■ 


.,  reften 


itof  « 


■vlTiromelal-   i"""  Medieal  Auociation. 

"  ,  hysteric  I 


MITCHBtiL  (JOHN  K.).  REMOTE  CONflEQUENrES  OF 
INJUKIEH  OF  NEftVES  AND  THEIR  TREATMENT,  Id 
""6  handsome   ISmo.   lolume  of  'IZB   |>ngee,  with   12   illustration*. 

MORRIS    (MALCOLM).      DISEASES   OF  THE   SKIN.     Second 
edition,     lunnuiamo.  yolume  of  601  pug™,  with  10  climmn- litho- 
graphic plnris  and  20    engmyings.     aoth,  $3.25.   ntt. 
The  work   is  eSKntiull}'   clinical  islrnug  common 
'   '     suitable  for  thi 
nnd    Bpecialisl.  - 


and  practicsl   in   iis  scope  nnd  is  1  suitable  for  the  student '~|>hvHi nan 


MORROW  (I'BINrE  A.).  THE  RELATIONS  OF  VENEREAL 
DISF.ASKd  WITH  SIAKRIAOE.  Octavo.  alwuHSO  pnee^  with 
many  i  II  u»(  ration «.    /Vr;«n«ff. 

VfiLliER    I 

OLOt^Y.      In  one  Htm   i 
Cloth,  HfiO. 
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MU88ER  (JOHN  H.).   A  PRACTICAL  TREATISE  ON  MEDICAL 
DIAGNOSIS,  for  Students  and   Phjrsicians.    Fourth  edition,  thor- 
oaghly  revised.    In  one  octavo  volume  of  1104  pages,  with  250  en- 
gravings and  49  full-page  colored  plates.    Cloth,  $6.00,  net;  leather, 
$7.00,  net;  half  Morocco,  $7.50,  nft. 
We  have  no  work  of  equal  value   trated,  well  arranged,  easy  of  refer" 
in   English.  —  University    Medical ,  ence,  and  is  the  best  book  on  medicai 
Magfvrine.  diagnosis,  both  for  medical  student 

This  is  the  best  book  on  medical  and  for  practitioner.  —  Maryland 
diagnosis  published  in  the  English  Medical  Journal. 
lancuage.  In  it  is  fonnd  ever>'tbing  ,  The  best  of  its  kind,  invaluable  to 
relating  to  the  proper  making  of  a  the  student,  general  practitioner  and 
correct  diaj^osis.  It  is  complete,  teacher. — Montreal MedicalJoumal. 
practical,    up-to-date,    well     illus- ! 

N ATIONAIi  DISPENSATORY.  See  StiUl,  Mai$eh  &  CaspaH,  p.  27. 

NATION Ali  FORMUIiARY.  See  SiUll,  MaiMch  &  Caspari'i  National 
Dispensatory^  page  27. 

NATIONAIi  BffiDICAIi  DICTIONARY.    See  BiUings,  page  4. 

NETTliESHIP  (B.)*  DISEASES  OF  THE  EYE.  Sixth  ediUon, 
thoroughly  revised.  In  one  12mo.  volume  of  &62  pages,  with  192 
engravings,  and  5  colored  plates,  test-types,  formuw  and  color- 
blindness test    Cloth,  $2.25,  net. 

By  far  the  best  student's  text-book  I  The  present  edition  is  the  result 

on  the  subject  of  ophthalmology.—  of  revision  both  in    England  and 

The  Clinical  Review.  America,  and  therefore  contains  the 

This  work  for  compactness,  practi-  latest   and    best    ophthalmological 

cality  and  clearness  nas  no  superior  ideas  of  both  continents. — The  I^hy- 

in  the  English  language. — Journal  sician  and  Surgeon, 
of  Medicine  and  Science. 

NICHOLS  (JOHN  B.)  AND  VAIiE  fF.  P.).  A  POCKET  TEXT- 
BOOK OF  HISTOLOGY  AND  PATHOLOGY.    In  one  handsome 

12mo.  volume  of  4o2  pages,  with  21.'^  illustrations.  Cloth,  $1.75,  net: 
flexible  leather,  $2.25,  net.  Lea's  Srn'cjf  of  Pocket  Text-books^ 
edited  by  Bekn  H.  Gali.ai'DKT,  M.  D.     8ee  page  18. 

Systematically  arranged,   and    in  can  safely  and  conscientiously  rec 

the    highest   degree,  interesting,  ommend   it   to    both    students    and 

Thoroughly  up  to  date.     The  book  practitioners.— 7V«c  St.  Louis  Medi- 

is  an  exceptionally  good  one.     We  cal  and  Surijicai  Journal. 

NOKRIS  (WM.  P.)  AND  OlilYER  (CHAS.  A.).  TEXT-BOOK  OF 
OPHTHALMOLOGY.  In  one  octavo  volume  of  641  pages,  with  357 
engravings  and  5  c<»Iored  plates.     Cloth,  $5 ;  leather,  $6. 

It   is  practical  in   its  teachings,  has  ever  been  offered  to  the  Amer- 

We  unreservedly  endorse  it  as  the  ican    medical     public. — Annals    oj 

best,  the  safest  and  the  most  com  pre-  Ophthalmology  and  Otology. 
hensive  volume  upon  the  subject  that 

OWEN  (ED»fUND).  SURGICAL  DISEASES  OF  CHILDREN. 
In  one  12iuo.  volume  of  525  pages,  with  85  engravings  and  4  colored 
plates.     Cloth,  $2.     See  Series  of  Clinical  Manuals,  page  25. 
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PARK  (ROSWELLt.  KIHTOB.    A   TREATISE   ON    SURGERY 
BY  AMERICAN  AUTI10EC3.    Third  ediliun.    In  one  royal  ooUiT« 
volume  of  1408  pngM.  villi  S92  engrnvin|;i<  aod  84  full-pHge  platM. 
Clolh,  t7.00,  nM;  leather,  $8.00,  hc(.      jt^- Pub] isb«i  ulao  m  2  *ol- J 
anies.    Vol.  I,  (ieneral  Surgery  and  SurRieal   Palhologjr.     Clolh,a 
tS  76,  net.      Vol.  II,  8peci^,   B«{;ianal   uid   Operutive    Surjfcrjr.  ■ 
Clolh,  3  73,  net. 

ml,  covering  Ihe  ground  thoronghl;  I  odmimblj  reaanrc«ful.-~JoA>u  llvp-  m 
jet  brieflj,  and   well   arranma  Cor  '  iint  J/o4pit<il  BalUtin.  I 

rapid  reference,  BO  that  it  will  be  of       The  IfltestUDd  l>e«t  work  writIM  | 
ntircisl  rnlue  tolhealudentand  busv  I  upon  thesoienw  and  art  of  Hvrgeij, 
nnietilioner.       The     pathnlngj     m  \  Cotumbif  MrUiealJournat. 
l)road,  clear  and  Rcientifia.  while  the       It  is  (horoa^hljr  pFMti<!<ll  aiid  jret 
■uggestiouB    upon    treatment    arr  '  thoroughly  HieDtiGc. — Med.  t/t^ot. 

PARK  (WIL.LIAH  H.)-     BACTERIOLOGY  IN  MEDIflNE  AND 
SURQERY.    12mo.,  l>8B  pugn*.  with  87  illuitraliaitH  in   black  a    ' 
oolnrs,  aiul  2  plali».    Clolh,  $3.00  nrl. 
This  book   lilla  a   vrry  distlact  i  of  view  of  the  hvcieniat  and  pablial 

uup.    None  of  the  leil-houks  in  our  i  heallh  oHioer.    The  vr—"-  ' *■ 

TunitUBge  lake  up  Ihe  subject  of  bee-    und  ven 

t«riulO!(y    so     thoroughly     Bod     so    (real  Me 

HOUQilly  u  dov«  this  from  the  point  I 

PARVIN  (THEOPHIIillB).    THE  SCIENCE  AND  ART  OF  0B^| 

STETR1C8.     Third  edition.     In  one  handsome  ootavo  i 
1177  pHgea,  <rith  '267  engrarings  and  2  colored  platva.     Cloth,  M-^Stl 
leotber,  $6.25. 
Parvin'i  work   i»  praotieal,  con- 1  Eiigliih   language. — Meditai   F«rt-^ 

ciu  and  comprehcnniie.    We  com-   niyhtty. 

meud  il  as  first  of  ill  cliLU  in  the  | 

PEPPER'S  SYSTEM  OF  MEDICINE.    See  pk«e  3. 

PEPPER  iA.J.1.   SURGICAL  PATHOLOGY.    In  one  12iiio.  *aliuM  ' 
of  fill  page*,  with  Bt  engravingB.     Cloth,  $3.   See  SiudetU'i  Srritt  ^ 

Manaalt,  p.  'SI, 

PICK  (T.  PIOKBRINOl.  FRACTURES  AND  DISLOCATIONS. 
In  one  ISmo.  volume  of  630  pages,  with  93  engraving*,  doth,  |3. 
See  Seria  of  Clinuid  Manual;  page  25. 

PIulTFAIR  (W.  8.).      A  TREATISE  ON   THE  SCIENCE   AMD 

PRACTICE  OF  MIDWIFERY.    Sevenlb  American  fnan  the  niath 

Eiiglieh  edition.      In   one  octavo   volume  of  TOO    pi^m,    with    SDT 

engraving*  and  7  platca.    Cloth,  $3.7G  ntl ;  leather,  $4.75,  nft. 

An  epitome  of  the  Boieoce    and    a  safe  guide  to  both  atudent  and 

practiL-e  of  midwifery,    whioh   em- .  obstetrician.    I(  lioldssplaoeanHtu 

budies  all   recent  advance*.  —  Tkt '  the  ableit  EDgliih-apcakiag  aut^-- 

Matical  ForlnighUy.  ties  on  Ihe  oWtetno   art.— fit, 

lit  work    mUEt   occupy   a  fore-  j  Medical  and  Surgital  Joaniat. 

L  most  ploM  in  obstetric  m«lioine  aa  I 


4   &   Cu.,   PBIIU  DELPHI  A    J 


POCKET   FORMl'LARV.  see  puge  33. 

PtX-HIirr  TEXT-BOOKS,  see  page  IS. 

POIilTZERlADABf).  A  TEXTBOOK  OF  THE  DISEASES  OF  TUE 

EAR   AND   ADJACENT   ORGANS.      New  Amenran   from    the 

Founh   Oennnn  edition.     In  one  octavo  volume  of  HM  pages,  with 

346  original  tognviags.     Cloth,  J7.fiO,  nW.    Jot  nadii. 

ll  is  an  abiolule  rinr  ipin  non  for  |  phyilcinn   as  s  book    of    rcfrrsnct 

the  jimctilioner  who  derotei  atteo- 1  opon     (hew      loj>ic«. — .-Imfrieun 

linn   to  otology  or  rhinolo^-,   and  |  Jovmal  oj  Ihr  Minliaii  Scitncci. 

should   lie  in  the  library  of  every 


Dr.  Poltfl  has  suceertled  in  de- 1  of  the  numerous  diseovcrics  in  every 
picling  the  miiiQ  fncU  in  a  manner  '  branch  of  nenrolo^y  is  clenrl^  f  re- 
Ihat  will  be  appreciatrnl  by  nludenta  aented.  The  booh  ib  n  relinblt  guide. 
and  geueml  praetitioncr*.    The  g'M  <  ^TAe  Htdieitl  BuUttin. 

-A  TEXTBOOK  ON  MEDICAL  AND  SUIIQICAL  ELECTKI- 

CITY.  Octavo,  about  .t.JO  pages,  amply  illu^lrated.  Shortly. 
POSEY  (W.  C.)  AND  WRIGHT  (JONATHAN).  EDITORS.  A 
TEEATISE  ON  THE  EYE,  NOSE,  THROAT  AND  EAR,  By 
Eminent  uuthoritiee.  Octavo,  IZol  puees,  richly  illuilrateil  wiih  Sot) 
L-ni^avin^  and  3.'' full-piige  plates  in  btuofc  and  colors.  Clulh,  fr.OO; 
leather  ¥8.00.  >w(.  Half  morocco.  «<>.«>,  nH. 
Published  mIso  in  2  volumes.  Volume  I,  Poi«y  en  Ihe  Eye.  700  pages, 
368  enaravini^  19  ptatrs.  Clolh,  t4.l»,  nr(.  Volume  II.  Wright 
on  the  Now,  Throat  and  Ear.  6,^7  pages,  !!)2  engruviogs,  16  plates. 
Cloth,  J3..W,  nil. 


it  the  m 
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■ork  iscaleulate'l  to  produce  ahomo- 
Itennius  srid  eflrelivf  result,  Tlie 
dislribniion  of  Bubjects  hiis  been  ar- 
ranged  along  logioil  lines  of  divi- 
sion, to  tlial  each  author  was  enabled 
to  treat  his  department  in  its  tJi- 
PROORE88IVE  MEDICINE, 


I  the 
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_.ilho™hip  has  been 

eonGdt-d  to  conlribniora,  each  of 
whom  had  previously  demoiifttraled 
his  special  ability  in  eonuevtion  with 
the  eubjeot  assigned. 

lec  page  32. 


f  PCRDV  (CHARliES  W.).    DRIGHT'S  DISEASE  AND  ALLIED 
AFFEITTiONS  OF  THE  KIDNEY.    In  one  oclayo  volume  of  J88 
I  pages,  with  IB  eni^viiiES.     Cloth,  (2. 

I  PYB-8HITH  (PHIL.IP  U.).     DISEASES  OF  THE  SKIN.     In  one 
I  r2ino.Yol,Df407  pp.,  with  28  illuB.,  18  of  which  are  colored.  Clolh,  |3. 

I  QUIZ  SERIES.     See  SludmVi  Quia  Seria,  page  27. 

L  RAl.F 


RAl.PE   iCHARI.ES   H.).      CUNICAl,     CHEMISTRY.     In 
!  of  3H  pages,  with  IS  eugravingn.    Clolh,  tl.5U. 
St'udmt'i  Seria  of  Manual;  page  27. 


A 


£4     LSA  Bbotiiebs  &  Co.,  Piin.xnRi.PHiA  and  Kkw  Tork. 


HRMSEN  (IRAl.    THE  PRINCIPLES  OF  THEORPITICAL  CHEM- 

ISTKY.    Fmii   edition.    Uioroiijjhl;    revised.    Id   one    Uaio.   lol- 

ume  of  32t)  imgea.    Clatli,  (2. 

A  olesr  sod  oonatse  eiplariHtioii  |  itudent  of  chemistrv  or  the  pnett- 

of  a  difficult  nabject    We  cordiallj    tioner  whn  tlegira  (o  bruailen   h» 

recommeud  it.^Tlu  Ltmdoa Laaett,  \  theoreti''sl  konwledgeof  chemiattj. 

TbeboobiaequalljkdBpWd  tu  the ,  — StwOrltayu  M'ji.  and  Surg.  J»<ir. 

RBTNOLDS  fEDWAKD)  AM>  NEWELti  fV.B.\.    A  MANUAL 

OF    PRACTICAL    OBSTETRrcS.      Neur  edition.     Oet«vo^  " 

Bgta,  r'whlj  illuslruted  with  2a;t  i'ngraviui>s,  ond  .1  nlwcs 
.7o,  «n. 
Il  is  eminently  practicul.  Through- 1  illustralionti  are  nulnemui 
niiL  llie  work  erery(hin);  i«  made   cliosen,  R  Rreul  number  bein^nri) 
cleiir  and  easily  andereCood  bjr  nay  i  nal. — Si,  Lmiit  Mrdiral  anil  ''  — 
ntudcnt  of  iiverage  intelligent.  The  I  ml  Jimmat. 


ROBRRTS  (JOHN  B.l.    THE  PRINCIPLES  AND  PRACTICE  0 

MODERN  SUROEBY.    Second  edition.    OctsTO,  838  p*ec»«ilh4] 

engraviugs  and  8  p]at«a.  Cluth,  tl  25,  *tt;  leulher,  $5.2.%  ntt. 

A  clear,  concise,  comprthenGive  i  mtLsTiiGtorj  or  valuable  iinj{lc 

and   prtwlieal  prCTematiim   of  the   ume  work  on  this  snbjwt,— A 

most  modern  surgery.    The  student   XediealJaunuii. 

or  pracl.ilioiHT  will  not  find  a  more  | 

ROBERTS  (SIB  WILLIAM].  A  PRACTICAL  TREATISE  ON 
URINARY  AND  RENAL  DISEASES,  INCLUDING  URINARY 
DEPOSITS.  Fourth  American  from  the  (ourth  Loudon  edition.  In 
one  very  handsome  gvo.  vol.  of  60B  pp.,  with  81  illM.     Clolb,  $3,50. 

ROCKWELL,  (W.H.,  Jr.).    A   POCKET  TEXT-BOOK    OF    AN- 

ATUMV.     l2m'i.,iXK)  pngt^e,  illuBtraLed.     Clolii, «2.26 :  limp Iratlirr. 

$2.75.  nW.     Lea's  Sfriea  u/  PaeM  Trxl-biMikg.     Edited  by  BKRK  It. 

GALI.AITDET.  M.D.,     See  p»ge  IS. 

An  eioellent  example  of  skilful  !  eigatlly  navful   to  th*  niwlieal  Mn- 

vpiliimization.    Exaelly  adaptnl  to   dent,  or  iis  u  ijuick,  Iwody  rrfcnoicc 

the  UFi'ilii  of  Training  Sohuol;  iind    fo/ the  physiviiLn  omirgeon. 

ROBS  (JAMES).  A  HANDBOOK  OF  THE  DISEASES  OF  THE 
NERVOUS  SYSTEM.  In  one  handsome  ocUto  volume  of  726  puger, 
wiib  ISi  cngravingL     Cloth,  $4.50;  Itather,  $5.50. 

8CHAFUR  (EDWARD  A.).  THE  ESSENTIALS  OF  UlSTOL- 
OUY.  DESCRIPTIVE  AND  PRACTICAL.    Siith  edition.   OcUvo, 

42>>  pagea.  »iih  4U3  illuatrJllons,    Cluth,  43.0I>.  n'l. 
The  most  sntisfsolory  clemeiitry    lish  Isuguage,— 7Af  B'l-rfnn  MrHiml 


Lka  Brotrkbs  a  Co.,  Pmi. 


SCHLfir  CWILL-IAH).  MATERIA  MEDICA,  TUKRAPKUTICS, 
PRESCElPTIO^f  WRITING.  MEDICAL  LATIN,  ETC.  Second 
(Jilion.  I2iiia.,  Sro  faget.  Clulh.  ^\.7.'>-.  liiup  IfUlber,  fi.2fi,  net. 
Lta't  Serin  of  J'Miet  Tejt-boolii.     Kdititl  by  Derm  B.  Gai,I.AI'1)BT. 

M.  D.    See  paga  18. 
U  auiiUin*  in  «  cohcik,  ilefinite,    plel«aollugecuur9i-s<iii  M&ltrinMi^- 
iiiid  anaiuiitBbir  foriu  tilt  risenlUi    ycaanAthnnjvnXia.—  ThfNatianal 
kmiwIedM  reijuircd  in  IhtoioWcmu-    Hrdieal  Krvinp. 

.SCHHAIIS  (HAN6),  EWINO  (JAMES)  AND  THAVKR  (A.  K.). 
P.\THOLOOY  AND  rATHOLOGlCAL  ANATl  IMV.  Sixllinlition. 

OtUvo,  602  pngea,  wilb  'Mil  eiigrariag*  and  34  platvs  in  black 
Rnd  colors.  Clolh,  $4.00,  nW. 
Tliii  work  embodies  nil  llie  re-  itddilioas  and  editorinl  work  1>r 
■Flitch  of  llie  \itat  Eurupcun  iiud  I'rorewor  Ewliii:  n'nder  ihe  bo«K 
Americiin  odserrers,  and  la  *Ilhou(  |  all  the  orare  >i  it  liable.— Mnf  fit 
a  snpiTior,  if  indeed  it  litis  un  equal.  Pto,trtrii. 
in  tliix  or  any  otiitr  liitiguuf.'e.    The 

BKNN  (laCHOCAB).    8UBGICAL   BACTERIOLOGY.    Seeoud  ^- 


■«  oolored,  uid  9  engravingi. 


r  2m  pagta, 

Goih,  fa. 


SERIES  OF  CLnncAIi  HANDAXfi.    A  SeriEi  of  Aatborilattve 

Monographa  on  Impojlant  Clinical  -"iubjeot*.     Tlip  following  volnnieB 
an'nowrcadv:    Cahtem  and    FROST'S  Ophthalmic   Sur^rr,  $2.25: 
UaBSII  au  D'i«easesof  the  Joints,  ti;    Oiten  on  Surgical   Dl«v«Maof 
rhildrcn,(2^  Pick  on  Fiactureaaud  Dislocation!,  $3. 
For  leparale  notices,  see  under  various  author*'  names. 


BIMOIW  (CHARLES  E.).    A  TEXT-HOOK  ON  PBYSIOUKJICAL 
CHEMISTRY.  Octavo,  4,-.3  pages.    Clolh.  13.25,  nrt, 
Thfi  book  is  iL  deserving  oompiiD-   cinn.  8imon  hiH  ho>ii>red  Amcrioan 
ioO  work  to  .Siwi.in'ir  Clinical  liiag     mnlhciiie  in  hi>  pioni 
nw<>.  »nd  like  it  «ill  live  to  l>«- '  Ecld  which  h«rel»r..rt 
ooni^   a   stnndikrd   and  reeogniicl  I  nnpied    bv   IVireiun 
l«t-l>ook  for  ittideiits,  and  n  guide'  Mediad  Fnilniijhihi. 
tar   the   tliouKblful   stndeul-pb^-si- 

StMON  lORARLES  E.l.    CLINICAL   DIAGNOSla,   BY  MICRO- 
SCOPICAL  AND  CHEMICAL  METHODa.    Fourth  edition.    In 
one  octavo  volume  of  UdS  pa|{es,  with  130  engravings  aud  Ifi  full-page 
colored  plates.    Cloth,  (3.75.  net. 
This  book  Ihoroughly  deserves  its  '     The  chapter  on    eiaminH 

'■'-a»eryooniplele,aulheii.|  the  nrine  is  the  most  oninpli 


I  the 


lie  and  useful  manual  of  ibe  micro-  i  advanced  that  we 

•copical    and     ehemlcal    methods  I  Kneliih  language.— biuadtVtnJVafr' 

wluoh  arc  emplofed  in  diagnosin.   Ii< inner. 

S.  Y.  Mtd.  Jmtmai.  i 


26     Ijia  Bruthehm  &  Co..  Philadelphu 

SIMON  |WM.l.    MANUAL  OF  CHEMISTRY.    4  Guide  to  I^lura. 

sud  Lkbunitiirj  Work  Id  Cheiuiitry.    A  Text-book  fpeeuillf  aduptol 

fur  Sludenti  of  Pbaraiacf  and  Uedicine.     Seventh  editioo.     In  oae 

8vo   volume  ofSIS  pBg«,  with  Hi  eiiKT«viuKii  Uid  8  plale*  ahowing 

cobra  of  61  Iwla,  aaii  iL  spectra  pUte.  Cloth,  $3.00,  »rJ. 

It  i>  difficult  to  see  how  abetter   theeorenotthiibauk.—  ThtNoiH- 

boukcuuld  be  coustruct«d.     No  luua    wetlern  Lancei. 

who  devotes  himwlf  to  the   practice  ',      Its  sutemcDta  are  all  clear  and  ila 

'  mwiioino  Deed  kuovr  more  about    loachinga    are   practical. — 

u__. ._,_..  u ,    Mtd.Moiuy 


natrj  than  is  contained  between    Mid.  Monthly. 


SMITH  (J.  LEWIS).    A  TREATISE  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.     F.ighlh  edition,  thorongUly  revi»d 
and  rewritten  and  mticb  eutarged.    In  one  large  8td.  volume  of  9)IS 
pagea,   with  2Ti  eugraviaei  and  4  full-page  platea.    Cloth,  %t.!»l}i 
leather,  (5.50. 
A  Bafe  KuiderorBtudentaandphj-'       For  years  the  leading  leit-book  on 
ii\c\a.as.~TheAm.JouT.ofObitHrict.\rt\i'Mna't    diseases   in    Anieric*.— 
I  Chicago  Medical  Rteotdtr. 

SMITH  (STEPHEiN).    OPERATIVE  SURGERY.    Seoood  and  thor- 
ougblj  revised  edition.      Id  one  octavo  volume  of  H9S  pagea,  villi 
1006  engravinga.     Cloth,  M. 
One  of  tbi-  niiHt  satis (nctory  works  l  diura  fortbe  modern  aurgron. — fli* 
on   luodern   oirerative    surgery    yiii\  ton  Medical  undSargieaiJuurnal. 
published.    The  book  is  a  compen-  I 

80IXY  (B.  KDWIN).      A   HANDBOOK   OF  MF.DICAL  CLIMA- 


HTATIC  BOARD  KXAMINATION  SBRIBS.  I'LABSIFIED  AND 
EDITED  IIY  U.  .1.  E.  SCOTT,  A.U.,  M.D.  A  series  of  handy. 
well -arranged.  ISmo  voliiroes  of  about  a*  [lagps  each,  buuoit  in  foil 
limp  ctotb  and  printed  on  paper  tuitable  for  either  pen  nr  ]>encil. 
every  other  paKe  being  left  blank  for  memoranda.  The  re*|>rrtiv* 
volumes  I'over  the  sabiecls  of  Analoniy,  Physinlofy  and  Hygiene, 


STIUiE  ( ALFREDl.  CHOLERA  ;  ITS  ORIGIN,  HISTORY,  CAUS- 
ATION, SYMPTOMS,  LF.9IOS8,  PREVENTION  AND  TREAT- 
UENT.     In  one  l2mo.  volume  of  103  pages,  with  a  chart  showing 

roati»  of  previoos  epidemics.     Cloth,  t1.25. 

THERAPEOTICS   AND    MATERIA    MEDJCA.      Fourth    and 

revised  edition.      In  two  octavo  volamea,  containing   16SS   Pt**- 
L  Clolh,  (10;  leather,  $13. 


Lea  Bbothers  &  Co.,  Phii^dslphm 


)  New  Tore.     3T 


ST1LI.E  (Al.FnED),  MAISCH  |JOHN  M.)  ANI>  CASPAR! 
ICHAS.  JR.).  THE  NATIONAL  DISPENSATORY:  Containing 
[he  Natural  Ilinory,  Cheniialry,  Pharmacy,  Acticiiu  ard  Ue«i  of 
Mvdicinca,  inclailiiig  tliose  recugiiiaxl  iii  the  latest  FbiirDiacop<eiu  of 
the  United  Statw,  Great  Britain  and  Ot^rman;,  with  numerous  refer- 
encea  to  the  French  Cod^x.  Fifth  edition,  revised  and  enlanird, 
including  the  U.  8.  Fhanoacopaiti.  Seventh  Deoennial  Beviaion. 
With  Supplement  containing  the  National  Formulary.  In  one 
■UHguiGcent  imperial  octavo  volume  of  about  2025  pagei,  vith 
320  engravinn.  Cloth  t7.iS:  leather,  18.  With  ready  reference 
Thumb-letter  iDdez.    Clnth,  ST.76:  leather,  (8.50. 

8TIM80N{LEWISA.).   A  MANUAL  OFOPEEATIVE  SURGERY. 
Fourth  edition.     In  one  royal  13mo.  volume  of  £81  pages,  with  293 
engmvioga.    Cloth,  t3.00,  nti. 
A  uaefiil  and  prmotical  guide  forj     Tlie  book  is  worth  the  price  for  the 


STIMBON  {JjEWIS  A.).     A  TEEATISE  ON  FRACTUKEB    AMD 
DISLOCATIONS.      Thin]   edition.       In  one  hsodsome  octavo  vol- 
ume or  842  pages,  with  S36  engravings  and  31  plates.    Clolh,  $5.00, 
ntl;   leather,  ta.aO,n<(,-  half  Morocco,  fC.SO,  iK(. 
Preeminently   (he   aatboritativc   value.    The  work  is  profusely  il- 
teil-buok  upon  the  subject.      1'he '  lustrareil.    It  will  be  found  fndil- 
vasl  experience  of  the  author  gives    peuuible  to  the  studcutandlhepimo- 
to  hisconclusionsanuuimpeBciiable   lilioner  Kll\ie.—T/ie  Urdieal  Age. 


STUDENTS  QUBB  SERIES.   Thirt* 


1  volum. 


lulhor- 


ve,  well  illustrated,  hundwimely  bound  in  cloth.  1.  Aualomy 
2.  Pliysiok>gy;  3.  Chemistry  and  Physics ;  I.HiBlal- 
and  UaclenoloKy :  B.  listeria   Uedica  and  Tliers- 


Idouble  Dumber);  2.  Pliy'] 
0K7,  Pftlhol<«y,   i 

peuticB;6.  PraatioeorUediciue;  7.  Surgery  (doublenumber);  8.  Genito- 
urinary and  Venereal  Diseases;  9.  Diseases  of  the  Skin;  lU.  DisoBaes 
of  the  Eye,  Ear,  Throat  and  Nese;  11.  Obstetrics;  12.  GyneeoloKy; 
13.  Diseases  of  Children.  Price,  $1  each,  eicejit  Nos.  I  and  7, 
Anatomy  and  Surff^y,  which  being  double  numbers  are  pHced  ftt 
fl.75  each.     Full  specimen  circular  on  application  ki  publishers. 

STUDI^TS  SERIES   OP  MANUALS.    12mas.  of  from  300-MO 
pages,  profusely  illiialnkled,  ami  bound  in  red  limp  cloth.     Bkvcb'S 

Materia  Medico  and  Therapeutics  (sixth  edition),  (1.50.  nrr.  Klrin'b 
Elements  of  Hiilology  |5Ui  edition),  12.00,  nfl ;  PiCPPBR'a  SurgiutU 
Pnthology,  $2;  TBKVES'  Surgical  Applied  Anatomy,  f " "" 
Kalps's  Clinical  Chemistry,  $1 .60. 
For  separate  notieet,  see  under  varioua  author's  name*. 


SUTTON  (JOHN  BLANDl.  aUEClCAL  DISEASES  OF  THE 
OVARIES  AND  FALLOPIAN  Tl)BP:S.  Including  Abdiiminal 
Pregnancy.  In  one  12mo.  volume  of  51S  pages,  Hilh  119  engravings 
and  6  colored  plates.    Cloth,  $3. 


Lka  Bbdtukbs  &  Co.,  Phila 


t  AHi)  New  VoaK. 


HZVMONOWIC/.    (li.)  AND    MarCALIjUM   (J.   BRUCE). 

TEXT.lliHiK   (IF   HIMTOLDfiY   ilF  THE  HUMAN  BODY  : 
eluding    MicroBcopical    Trclmiiiiw.      Ocluvo,  43T    l«gf«. 
uri^inal  eiigrsviiigH  aud  Sr  inut  iiIatM  in  black  and  colon,  oonUi 
ing  SI  figures.    CliXh.  $1,;5,  iirt. 
TliiK  book    will    Ukc   ils   pl&oe  I  uluptifd  rortmching  piirgmon ; 
mil  >»g  UiP  fint  fuTorileBoflhc  Icxl     li'Xt  i»  acciinito  nicl  nn«l<Tn,  I 
iHiiikmm   biolt^^y. — Joiinutl  Amrri-    illu«trationBnrecitrrmei»*  1'rtiuIilM 
rrin  Medioil  Assomatioii.  \  veil  neWtcil  niul  iiiini{'r»'us.-,irKl 

Emint'Tilly  antisliictory  ■nd  well  i  co/  IUj:onI. 


TAYliOR  (ALFRED  S.l.     MEDICAL  JUBISPRUDENCE.        ^ 

American  fh>m  ihe  twelfth  English  edilion,  specially  revisKl  by  ClaH 

Bki.L,  Esq.,  of  tlipN,  Y.  Bar.     In  one Svo.  vol.  of  831  pages,  witfcl 

eugra.  and  8  full-pHge  plates.    Clnlb,  $4.50;  leathpr.fS.SO 

To  tlieslui9ent,a>lotliephyBiei(ui,    be  found  Ui  be  ihoroagh,  •uthniil 

we  w»nld  say,  get  Tiiylor  6nt,  and    live    and    modern. — Aaxtn^ 

then  add  as  means  and  inclitiaUan   Journal. 

enable  you.— Jawncaa/'ract.fionr-r       Probably  the  beat  work 

and  Jfein.  BUtyeOt  written  in  the  Euglish  lan- 

ll  ii  the  authority    accepted  ns '  gutKO.    The  work  haa  bmi  tlior- 

Gaal  by  Ibe  eourta  of  all   Englinh-   ouglily  revii«<l  and  ii  up  to  date.— 

■peaking  countries.     The  work  will '  Patifie  Mtdical  Journal, 

lAVLOR  IROBEKT  W.)-  UENITO-URINABY  AND  VENEBR 
DISEASES   AND   SVPUILia.      Second   edition.      In    one   vl, 
liandsome  octavo  volume  of  720  pne<^,  with  l.HO  engraving*  uid  | 
colored  plates.    Cloth,  $5.00,  net;  leather.  tli.OO.  nrt. 
By  long  odds  the  hesl  work  on       It  fi  a  verilable  atorehouae  of  oi 
venereal  uisFaseo, — LaairviUt  Mtdi-    knowledge  of  Iheveuerenl  diKaaes. 
tal  Montltln-  It  is  commended  as  a  oonaerniUve, 

The  clearest,  most  uobis^ed  and  .  P"^' 'i™'.   f"'l    "P«illon     of  the 
realise  as  yet  pub- !  ^"^^^t    vaJue.  ^CAico^    CFihmw 
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TAVliOR  (KOBEllT  W.l.     A  PRACTICAL  TREATISE  ON  S 

0A1,   DISORDERS   IN   THE   MALE  AND   FEMALE.      Se<wii4 
edition.     In  one  Svo.  volume  of  Ki  |BigM,  with  ill  engntvlogi  and 
13  colored  platea.    Cloth,  (3.00,  nei. 
The  author  has  presented  Id  the   followed,  will  be  nf  unlimited  value 

profesion  the  ablest  aud  most  Mien-   to   both   phyaician    and   pntlcnt. — 

tide  work  M  vet  published  on  sexual    iftdieni  Jv>tc«. 

diaotders,  anyone  which,  if  careflillj 

A  CLINICAL  ATLAS  OF  VENEREAL  AND  SKIN  DI8RA3E8. 

Including  Disgnoais,  Piv^oaii  and  Treatnienl.  In  eight  large  fnlio 
parts,  measnrine  14  x  13  inchra,  and  Comprising  SI;!  beuuliful  fionm 
on  6S  full-pain  rhromo-lilhogmphic  plates,  8.^  fine  rngravings  and  435 
tages  of  MIC.  Bound  in  one  volume,  half  Turkey  Uorocco,  $28. 
FoTtalt  by  tubtriplian  only.     Addreta  (he  publiiben. 


Lka  Bbothbsh  a  Co.,  Phii^dklpria  i 


TATLOR  (SETMOUR).    INDEX  OF  MEDICINE.    A  Manual  fi 

the  use  of  Senior  StudenM  and  othen.    lu  one  targe  12mo.  rolnme  ol 
g02  pagiM.    Cloth,  $3.76. 
THOHAB  |T.  GAILIiARD)  AND  MUNI>B'|PA[)1j  F.).    A  PBAC-| 
TICAL  TREATISE  ON  THE  DISEASES  OF  WOUEN.    Siithf 
edition.     In  one  octavo  Tolinue  of  834   pages,  with  347  engtaTin; 
Cloth,  $6;  leather,  td. 


The  heW  praotioal  treatise—.   . ,    .... 

subject  in   the   Eo^lish    language.    IhroiiKh  five  large 
It  will  be  of  especial    rulue   to   the    been   traailat«d  ji 

cenenl  practitioner  aa  well  a»  to  the   " --*-    -- 

ipecialist.  TheillustrntionaareTery 
sntislaclorT.  MauTot  them  are  new 
fMrtieularff  clear  and  atlraa- 
'ed.andSur.Joar. 
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TbUnork.  which  has  alreadj  gi 
'   *      '         editiout,  and  li 
French,  > 
..,_,..         id  Italian,  Is 
moBt  practical  ai  .   _ 

the  inoBl  complete  treatise  upon  the 
subject. — The  Archiva  of  Oyneeol- 
ogy,  ObiUtriei  and  Pediatria. 


THOMPSON  (W-  GIIjMAN).    A  TEXT-BOOK  OF  PRACTICAL 
MEDICINE.    For  Student's  and  Pnictitinnera.    Si<cond  edition.    In 
one  handronie  octavo  volume  of   1014  paifes,  with  59   engravinga. 
Cloth.  fS. 00,  ntt;  leather,  (6.00,  iirf;  half  Morocco,  W.iSO   " " 
Thi- author  husjjn-sented  the  rich  '  direct  and  moat  sntifir; 
hurvcsr   of    luE   npc  i-ijierienca  an  |  he  luiSEiven  in  Hulficient  iitlail  the   ^ 
physicinn  and   Iraoher.     There  is   e>aol  method  of  ireatnicnt  thai  h 
rverfwhereiiajpteefiiieaceof iiecnr-   commended  itcelf  to  hii  jud^menlfl 
ale  obiervation,    profound   scholar- .  mid  hia  eiperfeiice. — Maliait  N eam*^ 
ship  and  rare  ciiod  judgment.     In  a  ' 
THOMPSON  [SIR  HBNRT].    THE  PATHOLOGY  AND  TREAT- 
MENT OF  STRICTURE  OF  THE  ORETHRA  AND  URINARY 
FISTULA.    From  thi'tliird  English  edition.    In  one  o« 
of  .1.^!i  pagi'B,  with  47  engmvings  and  3  lithographio  pi 
$3.50. 
TIR.\BD  (NESTOR).    MEDICAL  TREATMENT  OF  DI8EA8FJ 
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,  und  we  take  great  pi 

oiundiiiE  it  in  the  highr 
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therapeutical  medications  and  pre- 

■eats  a  great  number  of  well-ielected   i 

(brmiiliu  of  every  day  use.  Certaini)' 

TODD  fROBBRT  BISNTEiET).    CLINICAL  LECTURES  ON  CE1 
TAIN  ACUTE  DISEASES.    In  one  8to.  vol.  of  320  pp.,  cloth.  (2.8 

TREHTES    (FREDERICK).     OPERATIVE    SURGERY. 

avo.  vols.  coBtainins:  1550  pp.,  with  422  illns.    Cloth,  $.t;  lealh.,  $1 

A  SYSTEM  OF  3URGERY.    In  ContrihoUons  by  Twenty-five 

EDEllsh  Surgeons.  In  two  tarme  ootavo  volumes.  Vol.  I.,  1178  p»g^, 
witb  4S3  engravintis  and  1  colored  plates.  Vol.  II.,  1120  pages,  with 
187  engravings  and  3  olorol  plntes.     Complete  work,  oloth,  (111,00. 

TREVES  (FREDERIOKj.  SURGICAL  APPLIED  ANATOMY. 
New  edition.  In  one  ISmo.  volume  of  flOO  pages,  with  61  engravings. 
Cloth,  $2.00,  nrf.     See  Studcnfi  Stria  of  Manuati.  page  27. 


30     Lba  Brothsrs  a  Co..  PHiLAnitLPHiA  and  New  Tose. 


TDTri.E(GBORGEM.t.  A  POCKET  TEXT-BOOK  OF  DISEASES 

OF  CHILUREK.   In   on*  hsndiome  ISmo.   valnine  of  .174  pii^n, 

vithSplalin.  Clnlh,  $1.50,  fl<l;  flexible  nHlle«llier,  (3.00,  Mr.   tni'i 

Serif*  vf  Poeket  Tert-boobi,  ediled  by  BKtts  B.  Oai.lacdet,  M,  D. 

See  p.  IN. 

It  Ua  eAod  work — the  aotlior  Iibt-  i  of  inrnncT  nn'l  cbildhond  {nlo  sbi 

\ne  coanKiiwd  must  of  the  leAiting   Btid    remlable   chipl 

poioW  in  connection  witb  iifvaaa^  Medical  Semi- Monthl 
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1.  volume  of  430  pagVB.  Ck 


(ulisfiiclory, — Jawmal  vf  tkt  Amin-  ,  American  Juur.  of  Ihe  Xtd.  Stitnta- 


VlSITINa  lilST.  THE  MEDICAL  NEWS  VISITINO  IJ8T. 
Fnur  tilyleB:  Wuekl!-  {dsted  for  SO  iiotiento);  Month);  (undated  fnr 
120  TwIienM  per  monthh  Perpetual  (undated  for  30  pntieuH  eieh 
week):  ftud  Ferpetuul  (undaled  for  60  patients  each  week).  The  <0- 
patient  booh  ooiisiBts  of  956  pages  of  assorted  blanks.  The  fini  thnc 
styles  contain  ^2  puces  of  important  data,  thorou^^hly  revised,  and 
lljo  pa^cea  of  assorted  blanks.  Each  in  cue  volume,  price,  tl.26. 
With  thumb-letler  index  for  qnick  nee.  25  centu  eitra.  Special  nUn 
to  aubeeribera  to  THE  MRnifAL  NeWb  or  Thb  AHRRtCAS 
Journal  op  the   Mbdical  Sciencbs,  or  b.>th.  See  p.   32. 

WATSON  (THOMAS).  LECTITKES  ON  THE  PRINCIPLF5  AND 
PRACTICE   OF   PHYSIC.      A   new   American  from  the  Bfth   and 

enlareed  En^lUb  edition,  with  addilions  bv  II.  HART^nnitss.  M.  D. 
lu  twolar^  Svo.  lolH.of  1840  pp.,  with  IMciita.  Cloth. (9 ;  leslfaer,  (11 , 

WEST  (OHARIiESI.  ON  SOME  DISORDERS  OF  THE  NEBVOtTS 
SYSTEM  IN  CHILDHOOD.  In  one  small  13roo.  volnme  of  127 
imcea.     Cloth.  $1.110. 

WHARTON  (HKNRY  R.).    MINOR  SUBGERT  AND  BANDAO- 
INO.      Finh  edition.      In    one    12mo.  volume  of  640  pagta.  with 
609  ejigiavinga,  many  of  vrhieh  are  photo^iraphic      fS.OO,  nfl. 
The  part  devoted  to  liandagiDR   is  i      Well    writlen,     eonvenieotlr    ar 

..i,_.  ,1-  L... :(i„„  of  the    mnccd   and  ampiT  illualrated.     '• 

^ .  npuage.    Jl  i  oovera  (he  field  ao  nillj  aa  to  rend., 

highly   commended  Iti  the    it  a  valuable  lext-boolc.  as  well  u  a 


perhaps  the  bent  exposition  of  the    mnced   and  amply  illualral 
aubjcct  in  the  English  language.    Il  i  covera  (he  field  eo  nilly  aa  to  render 

can  be   highly   commended  to  the    il  a  valuable  lext-boolc.  aa  wr" 

atudent,   ine   practitioner  and   the   work  of  ready    reftrettce   I 

-'-"^      ""-     Chieayn      Mtdieal\^ean*.—NoTlh'  Amer.  .Pntttitioner. 
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WHITLA   IWTIjIilAMJ.      DICTIONARY    OF   TREATMENT.  OR 
dica!  and  Surcioal  li: 
7  pagCT.    noli.  U- 


THERAPEUTIC  INDEX.     Including  Me<lica!  and  Surpoal  Therm - 
-         •  Holi.*" 


Lka  BRomRiui  A  Co..  pRiLAnKi.peiA  and  Nkw  Touk.     3t 

WH1TMAV8  fllOV.AIA  ORTHOPEDIC  SrROERY.  ( 
voluDje  of  S4'2  pi)^,  vitb  447  illuBtntloDB.  Clolfa.  ^  jO,  i 
Uu^  Kttfntion  i>  paid  U>  the  eti- 1  •Idem).  Tbe  )H>uk  apDrwuili^s  near 
nlo;cr  «Dd  anKtom;'  nf  deroniiitir».  I  lo  Iheatandard  of  ideal  Ortliopcdia 
SfTnptnmiitolnKj  nnd  treatnicnt  are  i  Snrgerj  and  »ppenn  to  bt'  thi'  inott 
desk  with  thoroueUr,  th?  lalESt  <  ap-lo-dtte  work  on  the  (iiliJKt  in 
ciinlrihulinni  10  niwhuii«>l  iind  tiie  Eoitliiih  langaaiK.  —  Philmlrl- 
operslii'e  treatniPnt being  fully  con-    ptiia  Malifat  Journrit, 

WU1L.IAM8  IDAWSON).    THE  MEDICAL  DISEASES  OP  CHIU  J 

DREM.      Second  edilion.      I^peciallr  i«ri«ed  for  America  bj  F.  8.1 

CUURCHII.I.,  A.M..  M.D.     In  nne  ocUvo  volume  of  5.18  pages,  witbl 

oSilluatratians.  andlplBtes.    Ciotb,  (3.30.  nf-l.  ^ 

Tbe  deseripliona  of  ly mplom*  are   diBgnoKs,  profinofii*.  comiilicalioiiB, 

rDll.aDdthetnalnient  reeoDiDiendeil   and  treatment .    Tlic  work  is  up  to 

will  meet  general  approval.    Under    dale  in  erery  aenip. — J%e  Churloile 

each  di(iea»earegi»enthe»imiplonis,    ifcdiaJ  Journal. 

WUAON  (ERASMnSI.  A  SYSTEM  OF  HUMAN  ANATOMY.  1 
A  new  and  reriwd  American  from  the  last  Eafliiih  edition.  Illustrated  J 
with  397  engravingi.  In  one  octavo  volume  of  61fi  pages.  Cloth,  Mi  J 
leather,  $5.  1 


illiutratinna  Id  black  and  colon.   Clolh,{5.0U,  nri;  leather, IG.OO,  luf. 
I  the  itudcDl  it  majr  bt:  eape-   hv  giving  him  an  incentive  to  slody 
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c'ially  commended,  prearnttng  the  anatomy  with  an  objeet,diseoura|^ 

vuMect.  ai  it  doc^  from  xlt  practical  faim  from  HJiuply  memorictiiff. — S'rw 

•nd  mo*t  interenling  tide.     It  abowit  Orleans  Mtdical  and  Suryieai  Jour- 

the  rtasoD*  for  knowing  things,  aiid  nal. 

YOUNO  (JAMBS  K.).    ORTHOPEDIC  SDRQEBY.    In   one   8to. 

volume  of  476  pages,  with  286  illustrations.     Cloth,  M;  leather,  K. 

Due  U  impreui'd  with  the  Ihor-       II  ii  a  very  comprehensive  work 

onghnenofllie  work.    The  il lustra-    upon    thir    tetcitimale   soTKical  ipe- 

tions  are  numerous— the  bonk  thor-    eialty  and  every  page  abounds  with 

oughly  practical— ifedt'coi  ,Veira.       1  evidences    of    pnicticalily.  —  Tht 

I  Cliicngo  Ginieat  Reviev. 

ZAPFFK  (I-'.  C).  A  POCKET  TEXT-BOOR  OF  BACTERIOLOdY. 
IIand<ome  ISmn.  of  3S0  paffis.  aoiply  iliasiTBted  wtlh  14fl  cnBravlngs 
and  7  onlon-d  plates,  (lolh,  IKBO,  nW ;  limp  lenlbfr.  «a  00  nrt 
;,.«'-  S.T.'>  0/  Pockrt  Tcit-b<H,k».  E.Iited  by  Bkhn  B.  Oallahihit 
M.D.    See  jwkc  18, 

Professor    Zaplfu's    compendious  '  carrie*  his  rwderivilemntically  up 
manual  covers  (he  theiretienl  and  ,  to  tbe  point  of  gafning  a  lulf  and     J 
clinical  a*peclaor  iBiotcrlology  tn  a   comprehensive   Tiew,   not   only   rf"^ 
mnnner  aosweriDE  tbe  need*  of  gen- I  bncteriology.biit  alBoof  its  pnHiti«»l  1 
eral  praclilnnerH  lu  well  hs  nf  »iu- 1  relation  to  medicine.    A  eoune  titS 
denla.      Ue  neeonpliabes   ibis  by    pmclictil    iMboratory    Menises    U 
eliminating uniiecesntrydiseussioiiB.    liliewise  rneladed  in  this  singularly 
StartiDg  at  the  very  b«jpuniii|j,  he  |  comprehensive  volume. 
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THE  M&DICAL  ?fEWS. 

Week  If,  •4.0O  prr  AnDDm. 

H  48  quarto  pages,  abuDilaotly  iUiistrattd,    , 

THE  AMERICAN  JOCRNAL  OF  THE  MEDICAL  SCIEINCI 
MonthlT,  as.OO  Per 

Each  iBSiie  oonlalng  192  octa»o  p»ge»,  fully  illiiHtriited.     The 


advanced  and  eiilerpriaiiig  A 


it  of  scienliGa  medicine. 


THE  HEDICAIi  NEWS  VISITING   LIST. 

Four  Kyica,  Weekly  (dated  fbr  30  patienMj ;  Hnnthl;  (nodiM,  |j 
laO  patientsper  month)  ;  Perpetunl  (ondiiled,  for  30  puticalairepklr  pT 
fear);  and  Perpeliial  (andatcd.  for  60  patients  per  year).  E^h  (lyls  | 
one  wallet-ihaped  Imnk,  leather  bound,  willi  pocket,  peooil  Bod  r  "~ 
Prior,  each,  tl.23.    Thumb-lettT  index,  -25  oenta  eitn. 


leather  ;  villi  pocket  and  jicncit. 
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